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Mpjffi^m^S^^TiiJRS ftfc 2 ;*5u t: * - -f > ^ 
¥®±cc f^u *«Jgr £ £ <h C > 5 i^t£#£ 3 &7E y 

^cj7;^-f Ar^Mnjf£r£>& 0 fir, cn 

i&--{fc3ttfcRAM, *$<fc(>*±ian^p-fey1t 
4*flffllT & tdtofcji A n -fe ^ ^ n -fe * mcii 

£ 0 




1 

4^ -f >:?CHZ *1f£, 

y'tekV/ittctetj^-jyT y fx Stitch 
r^y y'mcoij 7-*?fr? ^f*- :/^*iEtrr# a 
r^^^ary^y^u, if F* 

«4>ccT4 iMIou^i^^^fl^^ 

^ -f>y*y &CT ^*fex-r4@Sg£fix., 
9 tfy h«7-f F^XSr^L/TeffiEn^U-feylfCCgSttS 
ft. iufEn^'a-fe^lf iWE-* -f r^n-fe <t&c*a 

S?IB^ -/W*yfc:<fc9 Htf S ft 4*M*£ , 

tfzr—y I/ — A/*s> 7 7 i, 
hT^&LSv >T ^ p 3 - F t x 

£*Ett»*4/< -f>-rf*U 

OTEn -fe * -^OfilEtf -r* > £ 7 * -r *&t&M3 
ft, ^5-^ueS^±tc^^ft4tff : ^ft^^ 
fiW4ef s *«%liEiaBi, 
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2 

^br>^4«jS*«A4HufE3^ciH2^ifi, KffltBK: 
fulfil:/ * ^^J:0't-f^«l7>f^n3- 

f £i Etar 4 m zwmm~m 

10 SJfEn ^*ci -fe * if <?» y r;W >^7x>fx 

ft, 9 s*)Tfr4>*7 *4xwm±***v?4m&* 

^7AP- F#^4^A4^- FROM4f^ MIE^ 

B»i3Cpe>tt4»eat'?*y-Ai/x^A 0 

20 tWE y*r Fu*JSST4fc&ec8§R3ft, 
WE^-lfAAiaiCcfejSBKSft. BffiE^-tfA 

IE^-/>y^yCC^*IEt6L, SuiE-rf 

X37> F©*5*y* Hs^-f^37> F(DH 

* y * b £mfis^ ^ >^ y ^ciattT 4^ ^ >:/Piz * 
tf£> 

BtrSE^-f >^*y*r Fu^jg^-r4^«>{cgsR3ft % 

|TfiE^^>y^ytClEtt5ft/cv>f ^P3- F*8S[fflL 
30 #>o^tU MIE^^y X FCD^^^ a v ^37> F 
fc<fcO*S5IBIf*y^ F©^-f^37> F^rMfB^-f 

>^^y^6Se*au, iuiEH*y^ f<d^— 
^> FccjEtSLr*-^^ xv-yy'Ji^-zzg.f&L, 

iylESt^y* FCCi£SLr^7 -f ^^^^^ 
v>F**jffiL, mflE^^>^^yrt^fa^r6ftA:^ 

—7 s ^ *ffl*/t '^^7 KWfE-y*> ^V'T- ^ ^rfEta-r 4 
BUfE>^>^^y*T FUX}g^T4/c«?)tCS^Sft, 

SrrfE^^>^^y^iEit^ft/c^^< t«> i o(Df^x 

40 ^a77^*J<i:OW77 ^^^7 r -^JC^< 

^I^^7> FCClSSLT^KHIlE^-^^fPfSL, 

- A / < v v r CclEtg-r 4 *m 7' n -fe » If <t , 
mflE^-Y>y^y^r FU^fg5£T4/cACcSgtt3ft, 

i >7 7 «rS^aX4 t'T 5 ^ ^^7x^i 4 
S?IE^ ^ y *T F UXfgffi-TifcftKSSttSft, 
V7;^>fAt§»ili0t, HUlE^-^^^m^ 
50 ^^ 7 ^*KW-f^>f>^x^iW4 



3 

(a) ^>?'n^*1f:3- F£MfB^>y^ey&cfB 
flffS^f 10 

(b) ra^a-fesr-frn-F, K 4>fc<£& 

^"D -b sr If- 3 - F £fy f B^ > 7* n -fe ? It K: J: 0 

(c) ffriB^^>y^y^e>SuiB^x^y^ h^KOiti 

(d) buIB^t^:?' (b) ^JrOIBtt^n/cfrlB^^n 
•fevU-n-Ffc. ^>^c< £&SB#W&t l//c^oT, MiB 20 

(1) talB^^x^^r^^^J:C>'SJIB^^--^ 

^fWf-aTytyKo-F-rsci, (2) 

omgK^X'Pte < t i> 1 o<D 3 #7C»<5I£lSS*»f 
tSCi. ( 3 ) SufB 3 ^5c»fiB0ftK:a-5C^r = ft ^ 
v> F^J&T&C^ (4) HfriBHftn^>FCCJCEg 
LriB«ffl**«-r-5C<b, (5) mffBT-^^T^ 30 
•=ty«r2ffT^H2^Lr, 8uiBHftnv> FKS^T 
*7--/>f^^f^WHiW^Ci, (6) 85 

mmm**iLjfc?&ct. m we-rf-rw^yKiett 

<fc, (8) BUlB^P-A^*^^TrtCCfBtt^n/c^< 
t h l ^©BBRfflK: J: 0 . SulBS^H^ffi* ^ u > F "T 

c t , ( 9 ) mib^ -y * y &cietts n/cntf ^ 

^ r £/Bu/d£|jHcS^l>T, iiyfBS^iliiRffi^fulB:? 

U-A^y ^T^fr^^rStiitfCt, (10) BU 40 
(11) ^IBW^^-7 ; -Y^1f>^^:BulB^^>^^: 

(e) ^7-^utr*««<wE3SCcrawur yr**-/ 

—As* y y r®ft®im&V7 : *m^ic&&lri>z?»j 
y't, so 
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(f ) ^IBIBlt2n/cm^^-f :r ^^it>^;i/^yT^ 
£^atS?^h*9, ^o, fulB*-7^*it>://v** 

4flt*.fc* ?^y h v Pxm^isX7~J*<DW)Vttm o 

[lff^4 ] 3^7C^^^-Y ? ^Xv'Xf-ACC^oT 
%m-?2>tc#><D. 'J>%;< ±i> lo(D<t7j^fc- FIWfBtav 
> F^JST&^n-fe^T&^T, 4>&< £fc 1 o<E>-k 

loin i©etr? h^^^uit*4tf3^>F«tsi 

^-^Fi, 
TIBO^r- F$W? -Jl/ F\ o£ 0 % 
(k) $7*4 ^n^a-rmdcy u-a^*? 

T F 5 v ?y'v -f^- F7 -;l/F\ 

( i ) m^jy^j^y-jz^mw*- F*«s?-r 
a, ^ji/ir-f^-F^-f-ji/F, 
(h) SJfi&^^x^^r^iE^stR^cpifigtc-r^, 

^aar-^^^^r^^-^l/^- F? ^ -;VF\ 
f-*x**T#IIIFe- F7 — -rt^ F, 

(f ) t 2***T*mw!tc~tzzt*mmh^mfc 

(e) ^^^^ A T©i^U^;Uffl(D^^atf?W{cnI 

(d) ^7-7— ^:7*7^y;kfr^7^x^Tf@ 

y^—yn^— Yy 4 —fc F. 
(c) ^^x-y^EptD-r^-fe^cD^^ 

y'^i— ^y a ~~)i> F, 
(b) T-^-fe;v^^cDcfc^ccif>yy 

(a) T?te)l<&2x2^-yTi?-teJlffimzm^xy 

<)vzv>#2ft&^&£5&*ftm'?z>. ^ ^ Ff 

^•fe;i/^e- F^ ^ F\ 

(Z) f-^XT^T? Jl/^^-f^^^^tf^ ^^0 

(Y) x^^^^rr? ^;l/^>f77^ >1t>f^;H 

3Ef*, S20^7^-F7^-;l/F t 
(X) ^V^^^>^>f^;U0CDr^C7 : *^^7 c ^T-7 ^ 

;u^^6W^$n^7"^^;^fe^$ti^^^^<B^ 
*t«BET4, 7*^tJ^^F7^;l/F, 
(W) ^07+-#- FA^*S9?WK:pI«fetC-r-6, ^ 
Pvt-^-^M- F7^ -;UF, 

(V2) RGB^^-tf y>^o*^^*afi?r*, RG 

(V 1) TJl/^rr^lf y>^<D^^^il!RT^>, 7 



5 

fry TfMtf5!l/^e- py -i-fr F\ 
(V) a»oyu>F 

(m> im^uvwMBWiefliRiiSKisti*^*^^ 

F\ 

(L) 1^*W7^7rt«ilT6«:ftK:il,»6 
- F? ^-^K, 

(K) 7A7rlcJ:otJIWShfcWttB4W7A 

<b*^3^*»3E-rS, W^H*-f A;*T^:7Til^>^t~ 
F7 h —fr F\ 

(J) Z^97ry>y*»5lt4, Z-t-FiSlR*- 
F7 -f — ;l/ F, 

( I ) W»«H?a5fe*«F5E-r*. ?R»*H5B5fc*- F? 
-t-^F, 

(H) e*W»«ffl*6«*UbfciC*'r©*BlrS 

^ -ji/ f\ 

(F) fe»*a**s^itt«:3ns*i*5*»«:<fcorz^ 
^j^t- Yy a -fr F, 

(E) jsfTJt«cc*o»rw«tt*fwa»*ii**«F3e 
(D) w«ra*ffl^fc^u>F^*-^*»Ri-r 

-5, 7>fx'J7^^^-^-F7^JbF, 

( c ) 7*-j^f^ ^«ri ■Hs«ff©n-c«?*r * . 

ZV-XISJ*- F7 — JI/F, 

(b) 7 > ^ x*J7;^ 7 tk«jcffl^ e»n-5^# 

7 — ;u Fv 

(a) T)\syTttm±v&mi&mz&&*~*jm±'r 

rfryrOM-f^-^fr^- h'y 4 -fr F\ 
<D*>%<D'J>tj;< ±i> lotfTS, ^d-fex 0 

^A^Pfr^-Y, F\ *5J:^7 Jl/*- F© 

[»*J»6] (1) 5tf*F<D*. 5t^O» ( 5 
by hcr>» x *J«fcO*l b* F<DT;U:7t<DRGBA:7* 

(2) 8 b* F3SSffl*JcfctX8 b* F7^7 7 f^ 
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©5 ^i>ma>£i!IRT£7^x t^cx r;u * ^7 * 

F7^;PF^nxf ^7 4 ^ If* 

m4t<cmm<Dy'tnzz 0 
[s»«3i7] (i ) *^>hu->?w>^ 

(2) 2x2KW*>^U>y % 

C»«3B8] (i) 7*;?^^77Fy ? ^, 

(3) 

(4) fwlf 

ccs^ <?4irv>#<D5 %<d ^-rti&i StR-T 6 R G 

&\ S»3R314«:i2tS©^n-fe^ 0 
[8*3899 ] ( 1 ) Bf360^*->, 
(2 ) Bf3E<0^*->©*#^^ ^ 
(3) 

(4) fwlf U >^&IU 

20 cta^< f^tf y>^£#^ir£T^:7T7^tf 

«R*-F7-/-^F*&aET*^^2r^*$tf. IS* 

[tf^io] ^ ^ *^o©hl si© 

^-f ©IB, ^2cD^u>yA^OiM 

30 JRWfc**. 

0W&*fA. 
JK*jfc*iA, 

40 F^-F^-Ffc^ttT*;*^*:/**^ »3fcS4K: 
[»«3Hl l] ( l ) ?y>7. 

(2) 7 7^ 

(4) 

ffiHJBSfc-fc- F7^^F^Mn^7 7'^ 
»*3S4CciBas©^ , cH2^„ 
[»*B1 2 ] ( 1 ) *a»B. 
so ( 2 ) 
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o) mm, 

(4) T*J-Jl>, 

[W*3S1 3] 3^X7t^^y a y^^^McX-o 
XK>m*Z>tcito<D. 4>&< ti> ir><D3'X7tWkm*:-~ F 

HjgB^n-fe *if <fc8<rffi^*ytel6^3*isiaK£* 
i o 1 1 i loetrsr hAvt»;i*st?3v> pasd 

^ Fi, 
TfBCD^r- F, o£ 0 % 

(k) ^ ^*BteW4*CC7l/-A/<^7 

T h 5 v $y x ) ^r^f F? -Y -A- F, 

( i ) m.^4?y4^4 2frffl®*~ F*aiR-r 

f***^*T#!B-Y*-:7^*-F, 
(e) ^^^^^TO^ffllx^;l/ffioMS^ralt^W^"SJ 

(d) *7^^7^f-^^^^?*7il 

(c) — d/v vv'"r— ~/;ltp<D^&ie)l'<D$ J 
7"^- F7 -f-JUF. 

(b) f-^^i/^^oi^ccifv^'j^ysn*^*^ 

^-fe;l^e- F? ^ F, 

(Z) tv^^t? ^;u^^>V7*^-r>if^^;uo 

(Y) fn^*77 4Jb9ifiJ't't Zfyj^lf 

^t^, a2©^7-^- F? -f -A* F\ 
(X) ^W^^>*^^^0©ratC^^X^aT7 ^ 

3^*1«er** r-^-fe^^-F^-f-^F. 
(W) ^7^-^ FA**a«WCCWttCCj-*. * 
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ovt-^-^- F7 * -~^F\ 

(V2) RGB-^-flf y^yodr^^SSJR-r*, RG 
Brw1fj§#^e- 4~)l F, 

(V 1 ) T^tt* * If U>^<D£^ ^jBtR-T-S, T 
i^ 7 f^ IfilJR-fc- F7 -y F, 

(V) 7'U>^7^-j?^m, «»<D^U>F 
^F7 - h\ 

(M) »E^U>y*J9JaWfieflBpJffi«:Sti4-<*3ft»£5 
^*»3ETS, F-f*-^*- F? 

10 F, 

— F7 ^ -;l/h\ 

(K) T^7TtCior«A*n/cW^H3WB^T^ 

Yy h —a* F, 
F? ^-;UF\ 

20 ( i ) «aw5HjB5fe*W3e-rs. «sswBH*Bik*- f 7 

-r-Jl'F, 

(H) fe^^ajBH^6«*ttILfciC5ro*ieBfS 

y 4-)\<Y. 

(G) fefcJ:^/*^«W5tWHS*UlO/«iE/S* 
Hl«BI»fflL^*-^ J &-F7-f--^F, 

(f) fe»#i&*3&soififitc3n'S^ir5^cc<fcorz^ 

30 F? ^ F\ 

(E) *?fJtKtcfec^rw«Ba^fm&S#ii^«:^ 

-rs, zttK-r*-^!/*- F^ -/-ji/F, 
(d> mnvm*m^tc7i<> Yj*-zf)i>*w*i? 

-5, 7>^ x y 7^ F7 ^ - F, 

Zy^iRt- F? -f-^F. 

(b) visX&sjx&TfryrimKm^htih'** 

y a -)l F, 

40 (A) T;U7rJ:b®±r*fWfeS#iA^^:pItB<hT 
5, T^7rJt«^*-^*-F7-<-iUF, 

1 4 ] «^S<D 1 If ^ ^^^e- F . IB^SCD 
2 If -T^JI/*- F, fcctO'^^^'t-F 

^;i/^>f F«rflfejafr**a*dto, gt^n'ic 

[19^ 15] ( 1 ) 5 \Z v h 5 tf y h <DB. 

Y<OHte£Zfl fcT^ F©7^7 7©RGBA7* 



(6) 

9 

(2) 8Vv h»ffi{i:fe<J:tf8 h7;^7f?:«»& 

[imii 6] < i > #-f>h^>^y>y. 

(2) 2x2B5B*>^U>y, 

©5%©c^rti3^*aiR*-r4i^>^^-r^- f? io 

[f»*3Bl 7] (1) v^^^nrvF'J 

(2 ) *<-r+- v h y 

(3) y-fX, 

(4) fw-tf »;>^*nu 

»#JS 1 3 KBttDl'X^ A 0 20 

m^mi 8] ( i > 

(2 ) M£©A*~>©*#^-/ 

(3) y^X, 

(4) ?AW>#*kl,s 

icm-3< if y > t/zmjfcrzTJiy r 7 a if y > y 

3CClBtgCD^^A 0 

unreal 9] ^-/^5-r>if-f^^o©iB, mi© 

/^:/^>tf-f*<rt/l©IBK ^1©^U>^A^©31 30 
tRWfcifA. 

swat**. 

^W7 7Ot^il/0(DF B l IS3©:/U>#A;ftCDjl 

^jyuyyj com, m3<ozn>i'#Ajj<D& 

!RW&*iA, 

F*-F»7-F«r4J3E-rS#S**tf, »*S1 3teE 

[»«3I2 0] ( 1 ) *S>3\ 
( 2 ) 7 * ^ 

(3) ±W«MBH^©fPffl, 

(4) «#. 50 
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•8B3B* J t-F7-/-Jl'F*&*'r*HB*4te, ft* 
mi 3tCfHSg©->X-f A a 
[SW8B2 1] (1 ) *aw. 

( 2 ) mm. 

(3) an. 

(4) r^-Jk 
(D^O^rtl^0Z^?7 7 y>^*r- F£riltR-f & 
Z*- FatR*:- F-7 ^ -Jl/ K^ttiteT^iK^, 
»*3Sl 3Ccfaig©->^-rA 0 

[89*S2 2 ] ^XitV^y w ^>X<r A&ctel>T, 

(1) l o l l l ioee? M^tyfi^37> 

(2) TSB©*- FWffll^ -f-JUF, (k):fc<Z> 

:/y 5f -f ^*k»rs|[k:7 7 tK^'J $ 

y'V ^-r-i^- <* —}V F\ ( i ) a^^-f^^^ 
F^-f-AF, (h) a^^****T«jE*»0WJ 

ccpjt&c*r&, aasf^x^a7^^-y;R-F7 

(f ) ^^x^*r*«ffiCcT&Ci*ajRWK:Wffi{c 
T^X^TtPjH*-^;!^:- F\ (e) 7^ 

^X^TlftPflH*-^*-- F\ (d) 
f7^f- 6 * X * A Tffi^aiRKKClfcgg-r 
SCii^IjBCCT*. -fc — zf v *?T y V^r — ZfJ\/ 
^Er-F^-f-MUF. (c) v7"r-7)\s 

7 v A y'*- Fy *-;l/F\ (b) 

1f>^;P*-f^je-.F7-f-^F, (a) ^*-fejU#2 
x 2 ^-7^^-fe;u«pj*fflc^r 7 * y >^3ft£ 

;l/F\ (Z) -r^x^^r^ ^ 

(Y) f^Xfa77 -f ;l/^^NV^*^'r>1f^^^ 1 

mrZ. m2<D'iA j (X) ^* 

A-?*jA >D-A Zfrooivmcfz^^ry * 

f'i'^^ft^e-F^-f-il/F, (W) i'nvt 
FA**«RW6cisjttte'r*, ^P7^^- 
^-F7^;l/F, (V2) RGBf r ^1fy>^© 

b\ (V 1 ) T)V7r<?4*r 0>>f<DZA ^*atR^ 



(7) 
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4, TtoVT'? 4 -f-^F, (V) 

^^^^-^^S-J-S, «»<ZX/U> F*- F7- 
F, (M) WE^U>^5l«Itt»^ItfiK:StlS^*^ 
«*»**»&r4> WM^U>F-f*-^>l' j e-F7-f 
— ;l> F. (L) WSflMH^KJRT^^ y Sr&ST*fcafr 

MSWr-F^-f-^F* (K) T^yrSC^-i-cm* 

M>ZTfry rSiR*- F7 </ — -fc F, (J)Z'<* io 
77'J>y*1SStS, Z*- F*W*- F7-r-A> 

f, ( i ) fl«WBHjB5fe*»5e'r&, wtowmmft*- 

F7^-;VF. (H) fe^WS6ffiH^6«^tBL/ciC 
O*^-- t-F7-/ wl/F, (G) fe:te<fct>V£/tteW 

^l^e-F^-r-JUF, (F) feS€riA**Spifigtc3n 

fc-fS, ZT^r-h^^-^-h^^^F, 20 
(E) *mi«Ccfe^r?Itttt^W*«e»*i&**W3E 
lT£> Ztt«-f*-^I/ j e-F7Y-^F. <D>«5» 
Bl*fflt^^l/> F-f*-^**^"*" 4, 7>^x 
'^^^♦-^-F^-f-^F, (C) 7''J5f ^ 
^lltf<fcBS*Sl?fOHirajR*TS. ZV-xatR*- 
F7^-^F, (B) ^>^A^^X^T^^TJ:bl$$^ 

*-y;^-F7-f-Jl/F, (A) 7^7yfl:«±r^ 

t-F^-f^F, <JD5t<0*J>fc< ifcl^^r»9?T4 30 

<3) 5l>ft:< i fca$#WK:i9SE* f* > ^ ( 2 ) CcS^U 

[»3#I 2 3 ] B*«cd 1 if Y F , H^S© 

2*-f ^JW-t- F. =1 tr — *-F, *iJ:W7-/^*-F 

[sMcJI2 4] ( 1 ) 5 fcf* KDjS, 5t9F08, 40 
5 try fcJ:^ 1 > h©7;l/7 7 <DRGBA7 

(2) 8 try hHttttto<fc#8tr* hr^7r«*«l& 
-f&H&TJly ry * — v * h F*iCD^7^— ;l/ v97v y" 

©s%cvrft**ajR*ay****7A'* ^7^^ 

^7*^F7^;l/F^W5Xf 9^«dtf. 
[IH892 5] (1) #-/>Mf>^y>y. 50 



(2) 2x2EW*>^y>y. 

*^F*JWRTS*^9^*4t* % W3R3S2 2K1SBIS 
[»«a2 6] (1) 7^^W7FiJ?^ 

(2 ) y y 

(3) -/-/X 

(4) if uv^Jteu 

cc»^ < if y > #<d $ % cd i > -rti ajR-r 4 r g 

Bf ^ If SJWr- F 7 4 -to F *^«?-r 4 * -r * 
tf. f»3jcB2 2CCiB*8©:/P-fe*. 
[««3S2 7 ] ( 1 ) Br5©Orc*-> % 

(2) Bfffi©'* X 

(3) /^X, 

(4) f-r Ify >^jfcU 

< 7 s if y > tf&mm-? s 7 ^ ? r -/ if y > y 
»i*-F7-/-^F*)»R'ra^'f'y^*«te % a* 

3S2 2tclBi8<D^n-feX 

^5>r>if jpfrKDfs. mi(o^u>^xt}(om 

^-/^-r>1f-Y^JH©IB, »3©:/U>#A*©a 

^W7*7^>1f>f^^0OH, »4©:/u:/#A;£©a 
fRifc&tfA, 

F*~F7-F4»«T**^*:/*$if, lf£lI2 2 
tClBigCD^P-fe^o 
[B3R3S2 9] ( 1 ) **>X 

(2) 777\ 

(3) ±W«ttH^©ffiffl, 
(4) 

<D5%©C^m^(DW«W8H36ife*- f 
®H555fe^- Fy 4 -)i> F«t^xf y 
W5JSB2 2^IBtgO^P-fe^o 

[»«3H3 o] ( 1 ) ran, 

(2) aa, 

(3) mm. 

(4) f^-Jk 
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m^m3 1 ] 4>&< <h*> 1 0 1 1 1 l<D6bf? b'* 

loin loee^ h^'-Y^yffi*^^^^ f»jm 
?7 f*»rt*» i oa#g<b, 
(k) xoy'*) $f ^^iMW7 u-^<>7 

( i ) ^iHWP*- F^riltR-r 

4. lM*JU*^*--F:7-f-*F. ZMm~Z>\Blffi 

(h) aaffi^^^^*rlSiE4i8JR«jK:oIfiBtc*r&. 

aiSffi^^x^^r^^-^^-F^-f-iUF, *m 

4, ^^^^TUm^-YV 4-)^Y, £fg»W£[5] 20 
(e) ^^^^*TO»3lBU^UtfOi^*aBR6?jCCnI 

•Ifc-j-S, f**x*»T#IIM*-:/Jl>*--F, *J»« 
(d) ;l/9^7v^f-^*6f , W?a7(l 
£>T sr^-^V*- F7 -f— ^ h\ £B¥£if&@&g 30 

^ilSJET*. f^^^a7iI/^7?^-^-f 

(b) ^^^;b^^Oj: J 5^^>^»;>^$n€>^#^ 
l^^l^^e-F^-f-JWF* 

(a) f^-feW2x2^-7f^"fe;«^t^7 

-fjv*u>ysh*^#*»£5**»3&r*, s * Ft- 

F? F\ *)!H?'rS@Biv 40 
(Z) f ^X^a77^l/^W7 , 7>f>1f^^0 

jers* mio^-f^-^-F^-f-juF. ^r^-r 

(Y) r#A?*T7 ^-OlfY^H 

S2©;^7-^- Y7 4 -)l F, 5r^*T 

(X) ^Jy'^jyy-J ZJisOCDmic^zxr^Ty 4 
;^^6ffl^Sn^f^tM5M^$n^-<#^i^ so 
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^«r«FS-rS. f^tJ^^-F7^;l.F, SrJSR 

(W) ^a^-tf-FAAfca^fcWte&cr-B, * 
o^*--f*-^*-F7-f-il/F 1 ZM%l-?2>M& 

(V2) RGB^-f 1f';>yo^^^*afRT-5, RG 

Br 4ifMiR*:— by 4 —)V f\ *»«-rs0B<t, 
(v i ) 7;V7 7f^f; v^ofr-f^sft-rs, r 

(V) yi/>^7^-^^#£1-^, «8»©^u>F 

(M) WK^u>^5(WI«raiI««:3ti*^**£5 
3^*«fStS, 5(Wl^u>F^*-^«-F7-/-^ 

(K) TJl/7TCC<fcrjr»7t3n^WS5!«H^iB*TJl/ 
7 7 ^J:ragi^f^,/cWi^n^^^^ 

(J) ZA 7 77ll>^e£fS, Z^r-FiltR*:- 

( i ) mmwm#&czftj£?z>. mhmm^^- yv 

4 -Jib. 

(h) &&wtomMfrh&&mLtctczT<D&mR2 

(G) ete<fc0f/*fct3W^HStoaiL/l»iE/»* 

B«K»HIL-f*-^ j e-F7-f-^F, 
(F) fe#*ii**s?lttccsti4^^5^ccj:orz^ 

(e> iimb^tc^^rpjte&^m^as^^*^ 
tz. zucmm by 4 -my, zmwrz 

(d> mnmb*mwc7\s> y j *-zf)\,*ft*i-t 

& v 7>fi'J7^^^-^R-F7^^F, *M 

zv-xmtR*-by 4->ib\ immtzmmt, 

(B) 7 > y ^ x^r;i/7 7 tk««:ffl^ 

7 4-)lb\ *JWtt-*Btt±. 
(A) Tfryr)m±T&mt&WZi2&*^t££? 

4. Tfryyttm-i^-^^-Yy j-)iy. 



15 

m&Z&f&'TZIttbtC* ±12(0088 (a) - (k) k 
(A)-(MK (VI), (V2), (W)-(Z) 

3 2 ] a^so i if * n^t- k , mmm<o 

2V-(Z>)l>*:-h\ *-F\ fecfc^^ ;b-=6— F 

fBiScD^X^A. 
[lf*^3 3] (1) 5\Z<9 bOtt* SZvbOM* 

f ZMBtT^y t7*-7? hrto^^-ji/ 
i tesetB©^*?^. 

[8»«ffl3 4 3 ( 1 ) *v>Ftf>:/y>^ 
(2) 2x2K>JH->^»;>y 

%©(r^rn^*»jR*-rsif ^ f? 

[8»*S3 5] (l) 7i;^x^x77hy 

(2) n*--?b »; 

(3) SAX. 

(4) ?w if y 

Bf^-tfilJR*- F? *-Jl/F*JWW"S*a****, 

ft*3B3 1 KBEttG^X^A. 
Ci»*3S3 6 ] ( 1 ) 3f©D/<*->, 
( 2 ) »r5£©^ * - >©* ti¥ A 
(3) 

(4) f^try >*teu 

1 GcfBtJcC^x^A. 

^V:/7-/>if -f*;K>©IBL !ff2<D:/u>#A;fr£>ii 
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K*-F«7-F*«W!-r**l»**tf. if^3 IKK 

[19^3 8] (l) fzr>y\ 
io ( 2 ) ^ ? ?\ 

(3) ±S5JMBH^©fffl|. 
(4) 

ra?Bft^F7^^l/F*J!HR-*-**a*d^ nt# 

313 1 &CfB|£<D:>.X7"A 0 
[»#«3 9J ( 1 ) *MW, 

( 2 ) mm. 

(3) 

(4) -r*7-Jk 

20 (DS^O^-rtifrCDZ^vyr y >£^e- F^ril^T^ 
Z*- F«R*- -A F*«Wjr**aft*to, 
SB#3S3 1 fClBtgCO^X^Ao 
[»3#B 4 0] 4>& < t h 1 ocd 3 XjumTjk*:- FW 

1 0 1 1 1 l<D6fcT? F^-f:MJ t> F»S9 

^-Y-iUFi, 

tib<d*- bMffiy 4 —m f, o , 

7h^^7'y;r-f F? -y F, 

( i ) ftSA-f^Y^-f^wum*- F*«s?-r 

if ^ ^ji/^-f^-t- by ^ ->\> b\ 
<h) Jtififfi^^x^ar«iE*»9?W«cnI«K:-J-4, 
SaSr^xfaT^-^- F7 -/ -;l/F, 

(f ) ^2x*~T*mmc?&tt*mm)tcu\mc 

40 *T^>, ■f-*^*»TlMl-f*-^iU*-F 1 

(e) 7"^X^^TOi¥fflb^;U®cD^^jl}R^CpJ 

(c) *7-;b^^7?7'f- ^^EfKD-r^-feiKD^^ 
F^ ^ — Jl/ h\ 

(b) 7^^^^^©i^^if>^i;>^^n^^#^ 

so *«fS"TS, *>^*-f^*-F7-f-^F. 



17 

(Z) r#x**77 -/il/*#A-f^-f >i^-f ^ibo 

(X) 7"<7^>if W ^;l/0(Dr^Cf*^X^^T^ 

3^««fS-T-5. ^-fe^ft*- F? -f-JUF. 
(W) FA**»SWK:att&«:-r*. * 

(V2) RGBf ^ If U > tf<b% 4 y'&MtR~$~Z>. RG 
Bf^ IfiltR*: - F 7 a - A> F , 

(V 1) TJU7rf s ^tfy>y©*-f^*jHR-r*. r 
^rrwlfjli^t- F? ^-;l/F, 

(v) yi/>^y-^4»f-r5, «*©^u>f 

F? — F\ 

(M) WE^U>^a«l««W«BK:3ft&^*3^dr5 
^UStS, 5SS0^U>F>T*-^^-F^^-^ 
F. 

-F^-zwI/F* 

(K) Til/7rCCj:or**Snfc^WIH3Mi»r^ 
-/—A- Fx 

(J)Z/<^T9^t1ttTS, Z*-F«R*- 
F? a —)V F, 

( I ) »SWBH*Bjfc**S5£-r*. F? 
(H) &^^ffiB^6W*aLyt<fccar©*Jg»f3 
7 a -Jl F. 

(G) feteJ:^/a/c«WS«HH*au/«jE/»# 

H«Bteau-f*-^l' J &-F7-f-jUF fc 
(F ) feS^jA^oJ^Ci?n^^<b^*^Cj:oTZ^' 

(E) «tflt«ecteiir^tttt*fWe»#ii**«F5e 
(D) WSS«H*«^fc^U>F-f*-^**lFWr 

4, 7>^xy7>W*~:7;i/*~F:7*--;!/F, 

ZV^S^- F^ -f-^F. 

(B) ^V^A/^X^TJ^T^CfflC^n^^t 
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7^-;VF, 

a, TfryrtiMJ Yy i-jvf 

F, n£-*r-F\ fccfco*^ ^i/*r- F 

>f ^ >r * jwwffli*- f ^^ir-t a if 
*ji>*^*-F*Ettr*#®**tf % »*H4occ 

10 IS«CDIBtft«»o 

[»«|4 2] (1) 5t'7h0^ 5tr*F©», 
5fcT*F<DW* fc<J:tM b<DTJVyy(DRGBAy 

(2) 8 fcT* Vm&mto&VZ FT^7rffl*«t& 
- c£ is a * -fe ;bcof BtSL 

[S»«3B4 3 3 (i) #-f>htf>yy>^ 
(2) 2x2ffi?rjif>yy>^ 

[§9«S4 4] ( 1 ) 7>J^x^x77F'J 

(2) <-f+-7h y 

(3) ^-fX 

30 (4) ?wif »;>y*su 

< ^ if y > ^<d 5 % <d u r*u&>*j»jw a R G 

Brw if j«R*- F*EttT-5*I8**«f, 

tff^^S4 o tamonmmfco 

[fS*^4 5 ] ( 1 ) Bf5E©^'*->. 
( 2 ) Bf ^ - >CD^ ^ ^ zf^ 

(3) y-YX, 

(4) x-Ylf y >^*L. 

ccS^< -r-fif y ^^^T&T^rfwif y >^ 
afR^e-F^-zwi/F^iEfs-rs^a*^. «*3S4 

40 0 5ClffiK©iBtS«ft d 

[ff5jc^46] >1f ^^;b0<DPa, ^1CD 

so iRW^tiA, 
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[»*I4 7] ( 1 > f?>7\ 10 
( 2 ) 7 * 7\ 

(4) 

S4 0«CiBtt©IBttJ«fto 
[BMW4 8] (1>^«H, 

(2) a®, 
o) an. 

(4 ) f**/-^, 20 

»*3B4 o {cseis©!H«sa«*. 

[»«3B4 9 ] 3;Xtc^^^ a ^^fAtaot® 
K^Mt^^P-iz^r^ot, *P& < <h fc 1 o©-fe * 
P*- F=i^> F« k 

11110 0<D6 tf ? h/W^lUS***^^ FBWfl 

TfaottSB^-r-^F* o*0, 

&»&Sjfe64>tt< <b & 1 o<Dfe*^~xfiI£M#*r£ 

FiWfl*? -f --rt' P\ 
-F«W7-f-;UF. 

i o©n ^amr«mi7 -r - * f , 

[R«fl5 0] ^U^l/^*v-X*fB3EL, MS 
(A-B) *C + D**»-r*fc»«: % KTOa^SS 
**-FMffll7-f-JUF, o*0. 

( 1 ) «*y-^A«wer&My*v-^ani7 

Fi, 

(2 ) fowv-xBiftj£Tzmnv~A&m? 

F4, 
Fi. 

(4) an»y-^D*4*3E'r*ap»v-^fWffli7 so 
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Ft. 

[|»«3I5 1] (A-B) *C + D©Htt**«T* 
vjU^yu^*y-^*WS-r4fc«E>©, HT©3>;< 
-f^Wi*-F««l7-f-^F. o*0, 

( 1 ) RGB«fl»3lM»y--^A*«0er4«»y- 
XfSm? J-fr Fi, 

(2) 7;i/7Ti^ifv-^A^S'r^ify 
-^(W»7-f-^Fi, 

(3) RGB«liS»*«g»y--XB*ieE-J-**»y- 

xfflffly 4-)i> Ft, 

(4) r^7r««»3R«Jicy-^B*i#3ET*SWy 

(5) RGB«fl3l*«|Cy-^C*«F5ET*«»y- 
*M»y -/ F <t , 

(6) TAr7r«i»«Kiry-^c«weT<&my 

-f-Jl/Fi. 

(7) RGB«^*ftWy--^D*«£-r*llDl|Ey- 

(8) r;I/7r«SBJI^V-^Dt»Sl«lllIV 

-f-jUFi, 

*^JSE-r4^fy^*S6Cc$^ 89*31 4 9&c ietgcD 

[ff*JS5 2] (A-B) *C + D<DBII»**3arS 
v;b^^u^lfy-^*«p£-r4fc8&<D, HT©3>;^ 
-{tl(»*-FI«l7-f-^F, o*0, 

( 1 ) ^^^-f>tf>f^;l/0(DA:a?)CC)RGB«|jsRS* 

my-^A«tts-rs«»y-^iM07 * Ft, 

(2) >f 7 7 ^ >1f 0/c^(DR G B«Sf 

j»y-^A*i*je-r*«»y--^«i»7 * pi, 

(3) /^>f , 7'^^>it^^;i'0cD/ci?)CDr;L'y t«jiES 
«^y-XA*»5ET*j(Wy--^«HBi7 * wt, F 

4, 

(5) rtA-fvAlsV <{?)l'0<Dtc#><DRGBl»ffigm 

m&v-xBi&mrzmwy-xffl'my a -a, f&, 

(6) /*4-7?4>1>-4 ?)\sl<Dtc&<DRGBmi$m%* 
«»y-^B*«F5E-r4««y-^*J?Bi7 * -JVFi, 

(7) rtA-f^A >V J *7>V0<Dtcth<DT)Vy y«j£g 

4, 

(8) *4-fvA >^^i7)\^l(Dtc^(DT^yrmStM 

m&uv - * b *««-r *** y - inw 7 - ;b f 

(9) MV^^>tf"-r^^OOfc22>ORGB«fiEE* 

affy-^ccMne-r&flwy-^Mfli? Ft. 

( 1 0) /^-f^^-/>*-f^^0©ft:»Or^7T«J5S 
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i, 

(11) 'W^-f >t»"-Y^;HCD/cit>CDRGB^R£S 

i, 

(12) i';H<D/c&©T;L'^r1#fi£ 
i. 

(13) /-C-f y"5-f >1M ^;l/0©A:*ODRGB»fiRi! 
3Rlll»V-^D*1*«-J-*aWv--^IW»7^--JUF 10 
i. 

(14) rt4y<5<01M iPJlO<DtcH><DTJly 7$J& 

l^JraftLy-xD£^^stally-xsw®iy F 

i. 

(15) ^y"^>lMi'Jl,l©;'ta?>©RGB}fj&S 

i, 

(16) 'Wy'7^>t^^M©;fc&©T.>Uy rlflS 

i, 20 
££l?rf & * r ? 7'?: 5 6 ft^tf . ft*« 4 9 iel2S«© 
yn-fex„ 

ttjcE-rsA^^-r*. '>a<ii>si, 02. 03 
00 4 ©-7^ ?• y v i> vm$m<D%j& t . 

IfSTS. ^<i^5, 06. 07fcJ:C>*08©v 

9fcteis©7'n-fe^ 0 

[ff^54] ^V7'^'('>-9-'(i'il'0©*7-3> 30 

i, m2. m3&£vm4<D-?)i'?yi<>7v-miRm<D£. 

)£i. 

>- w y? 4>v a i >n (oti =y - 3 >mmc*ifc 

-rZAfiZmmtZ. 4>&<i4>05. 06. 07*j<fc 
D-'08©vjl/^yi^-?:ItRffi©£j£i. ££6iC^ 
tf. ff^4 9iClS^©ya-fe^„ 
Cif3jSS5 5] 3-X7u^^y ■< v I'^^f'AKJ:-, 
-tMBTT &/<:&©, 4>&< i & 1 o©f|^*- F®JiSI=3 

v> K^^fS-r-s^^^A-r&^r. 40 

gSfE-te ? h -t- F 3-7 > F«. 
11110 0©6tr* h^'-r^Ufii^tyriv^ Fi&S'J 
^Py -Y-AFi. 
JWTOWttlv-f-^F. 

t)v-^y>H-tt»h<D'Pt£< i& 1 O©*-?-^^- 
xffi©^@?r^-rSii>^< £45 loc^^Vtgg 50 
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*-F$i]®y -f-A-F. 

d>&< ife lo©*7-x-^-xfiitcJ:S*-7-n>>^ 
^A#©lii§^85£-rSd>ft< ifcloc93>nVt 
3m*- Yffl®y -r-^F. 

#7-3>^^ffA^£#^S:4>&< ife 1 o© 
3 >/W ^»nSLSlJffll7 -/ -;U F . ©ft#>©4>& < i 4> l 

[ft#Et56] (A-B) *C + D©K^H^-r-S 
7" U -9- V - * 41$3e-T 6 /cl5t>©«T© -Y 
F8«y 4 ->\, F. ojf), 

( 1 ) m%v-y.K^im.ti>w^y-y-Vmy 

Ft. 

(2) mnv--?.BZfti£Tz>mnv--xMwy 

Ft. 

(3) mnv-zc$:<ftm-?zmnv-?-ffl'ffly 

Fi. 

(4) jmmv-^D?r^-rs»nsv-x$(iffli7 

Fi, 

£«i&-r &/c«>©^iia* 3 ti*^5 5 ictm 

©->^.f-A„ 

[ff*315 7] (A-B) fcC + DOK&fcl^-r-S 

vju^yu^ij- y-^^s-rs/c*©. jwt©=j>^* 

-^MIMi- FSHJSPy .*-JUF. -3*0. 

(1) RGB«fi£l!^M#y-^A*^^^ils#V- 

x$ij®jy -i -fr Y t . 

(2) 7^7T«H*«#V-XA^t5afV 
-X$«y ./-AKi. 

(3) RGB^^jli#y-XB?:^-r-5,«SLy- 

TMmy 4->\> Fi, 

(4) T;uy7*fj£g3ft&Jity-xB£^5rr£^y 
-x©JfflJ^^-;UF£. 

(5) RGB^s^#y-xc^lf^-r^^y- 

(6) T)vyrmnmmmM.y-^c^m-n>m^.y 
-zfflWy -r-;uF<t, 

(7) RGB«)Ssmjijn»v-^D*^-rs*n©y- 

xMffl7-f-;VFi. 

(8) r;uy r^w^»n#y-^D^^-rsjn@v 
-z.U®y -f-^Ft. 

*£j£-f 6fc«>©3Ma*;* 6tc^t?. lf^JI5 5 fctets 
©S^fA„ 

[«^58] (A-B) *C + D©K^H^-TS 
■7^^ y" u 2 v y - x £!!#5£-r fc»©. «T© ^ 

(1) 'Wy^-f >-?f^;U0©fc»©RGB$;£gj?t 
«Sty-xA^^-r-2.i)S#y-^*iJ®)y Fi. 

(2) *47v4lsV4 f;H©fc46©RGB^)iE^ 

j^ty-xA?:^-r-5.j«ffy-x*iJajy -< -;u Fi. 

(3) MVy"y^>1f J9)l0®tc#><DTJ\>y rffil&m 

mmnv--xA*ttm-rzmmy~?.Mwy ■< -jvf 
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i. 

(4) ;<jy~,J>-*)-4i')Vl <Dtctb<DT)V7Tmi8<^ 

(5) ^^y'^^ly*)--{i>)VO<Dtc!sb(DRQBmfSSM 

(6) ^7 -{ >f-f i-Jl/ 1 ©fc&tDR GBMII 

(7) /^-Y7'^-<>-9-^i';U0(Dfc»©r;V7T^fiSg 
JR^V-*B*4^*4«*V--X«ffll7 < -)l> F 10 
<fc. 

(8) rt4-?=y Jl/VJ Zhl (DTctbOTfryrmfS.^ 

mmLv-xBiftm-s-ztmv-xfflm-? < ->\> f 

(9) -f ^A<0©/c<*©RGB1fJjXgig 

(10) J< 5 t>)\<0<D1c#><DT)ly rW& 

( 1 1 ) A^5^>1t^;W ©fcit>©RGB*fJi£g 20 

i, 

(12) >'NV7'7^>t>--i'i';ncD/ciiticDrji/-7T^fiS 

(1 3) iUVSAlsVA ^;K)©fc#>©RGBf»(&g 

<t. 

(14) ^Vy'y Y>if^;i'0©fc«?>©T;i'y 7*®)& 

wmm v-xD*<®m?ztDWv~-xfflffly h ->\> f 30 

i, 

(15) 'W^-f^lM ©fcftORGBMI! 

(16) />V7'5-Olf'( , ^JH©fcJ?)C?)T;l'7T«fiS 
i, 

*4fiST4iaK*S6K:*«f. »3»SI5 5«:S2tt©5'X 
[lf^5 9] RGB*7-a>AVtf t^JKC 40 

m-r^A^fifcrr*. »<it>si, 52. 53 

T 7 r # 7 - 3 > ^* T 9 + > * i\> i *tlST -5 A2> £ 
W&th. <l>&< £&55. 56. 57fcJ:t>*58©-7 

MOT 5 5S,C$mOisZ?M.. 

1. 52, 53tecfcO'54©'7;U^^Ui'1f^fii5:^ 
«fSiBi. 50 
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/< ^ >tJ- * ;n © * ^ - 3 >r? >«ft KSsfiE 
lT£A^£1#ffi-r£. 4>fc<£4>55. 56. 57*ii 

6K:^tf. 1$JSH5 5 KiBtS©^;*^. 

(a) 1 1 1 1 0 0©6 tr» h/f-ftJ- yfil£Stf=i?> 

FBttlFf? -< -A, F©^if?i. 

( b ) «T©ttflny -< -Jl> F. o$ , 

*fit©i&j?£#;rrs. 4>&< £ & i ooaww** 

St*- FMfP7 -JU F. 
pgH*-FiW®:7-f--A<F. 

©3 ^ ^JniSE$fJffli^ -< F . ©£jfc©d>& <ti> 

1 OOfgfRi, 

( c ) 4>ft < <h featfrffKCXif ^ ( b ) tc»0< M£ 
©^<t, 

[ff^62] (A-B) *C + D©B8»£Sigrr£ 
^ y - U 57-9- v - X *1$5E-r -2. fc»©. JWT© 3 W< 

( 1 ) s^y-xA*^s-r*^v-x$ijfflj7 ^ -)i 

F£. 

(2) swv-^B*i«e-r*«»v-x«i»7-f-ji/ 

F£. 

o) m#v-~xc%&j£Tzmwv-zmffly i->\s 

Fi. 

(4) flJ»V-^D*WE-r*fl]I|tv-x«I»7^-;l/ 

*«MR-r*^f »^*S6Kdtf. i«*S6 ncietg© 

[fi|3jaS63] (A-B) >KC + D©Mt5[*3l^-r€. 
•7;l/9 L 7 - H'lJ-v-x^!|$^-r^/tfe©, Ji(T©3>^* 
4 •FOm*:- F8HBSJ7 -f-^F. 

( 1 ) RGB»^SIgjli^V-XA5r^STS^V- 
^Sljffljy -f-JVFi, 

(2) T^7r^S^mv-XA*!tfS-r-2>»#V 

4 -iUFi. 

(3) RGB^S^^V-XB^^-rS^V- 
X$))®7^-;UF<t, 

(4) r;t-yr»sg^«#y-xB*^-rs«#y 

(5) RGB«jiaB««»v-^c*i«e-r*«»v- 
xfij'iaiy -a Ft. 

(6) r;uy T«ias3i8miy-^c*i#3er*«»v 



(14) 

25 

(7) RGB«J5»*JD»y-^D*WSr*»»V-- 

(8) mf&^mmmv -xd ««rr *> mm y 

H»#«6 4J (A-B) *C + D©H»*J©H-r* 

( 1 ) ^4^y4>^4 ^;U0Ofe«)fi[)RGB«SJgf 10 
S» y - * A SM»y - *«WP7 * F 4 , 

(2) /<-f^^>*-f^JHOft:ft©RGB«J«aHIS 

MBy - x a *«jrr s«»y - ^Sflffly 4 f <t , 

3R«»y-^A*»3Er*«Wy-^«lffll7 -/-;l/F 

(4) ^"^^^>^-/^;ncD/cd?><Dr;i/7 r «^s 
3R^y-^A*»sr*ia»y-^[WW7 * ->i F 

(5) :/^>1M*JV0©fc»©RGB«jOT* 20 

S# y - * b £«Hy - xmw y 4 -)V f £ % 

(6) ^^y^^>^^^^l©/cis6(Z)RGB^^ 

S»y - * b *«ffi-r &*»y - xfflffl ? 4 F <t , 

(7) ^4^y4>V- 4 ZJlOOtctiXDTfry rfllJlES 
3R?SWy-XB41*ffiT*iSWy-^«lffll7 *->UF 

(8) ^v^^>if -Y^^icD/c^cDr^yT^s 
«^y-^B*^«^y-^«WI»7^^;i,F 

(9) ^*Yy^^>1^-Y^;U0<7)/cd?>CDRGB«^S^ 30 

^y-*c*f«eTS«#y-*«»7 -f-ji/Fi, 
do) A^^^ifo^oo/c^r^??^ 

(11) rt4?=r4Zs*3r >f^H©/c^©RGBMS 

(12) *47 s j4*>'*jr4 ?)ll<Dtc&><DT)l<7 rffitfL 

KRf»y-^c*»5ersatncy-^ww7 * -jv f 

40 

(13) /W^Ot-f ^0©/c&CDRGB*?t/£g 

(14) rt4754Zs J *4 ?)\<Q<Dtc&><DT)l'7 rffifS 

(15) J*4 7?4>y-4 9frl<D1tlto<DRGBnf$& 

*aa[y - * d s»i*y -x$«y -# - n> f 

(16) ^W^^^>if-/^;ncD/c^cDr;U7Tl»fi£ 50 
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S*JC-r*A**1«er4, ii>4<ifcSK »2. ^3 
O'fS 4 CD ^ rf l> * -?i§tRfi|CD&?§? <b , 

r r # 5 - 33 >r -r * * >*;^ £*tj£-r 6 

1, *2, »345<tc«|4©-e;u^^u^if»?f§©» 

•4-*A»*«5rrs, ii>a<ifc*5 k are, mus* 

[»3RJB6 7] 1111 0 0(D6t:*^ hrt41~VU& 

^/ca*(D3*7c^^y ^ * ^^i^xnr^ot, 

(a) 1 1 1 100©6b'7 F^Vt«JMt^nv> 
FWttVFy 4 F*WR-r**l8i . 

( b ) JIUTOttftI? * -Jl/ F. o£ 0 » 
l3^ — ^l/^4i~iPh<D'pt£< ti>l o<7)^7-7 — 

Ffflfflyj-frF* 

t>^-^^>>^4+\?lt'pt£< <tfe 10^7-^- 

FiWflpy -f-A'F. 
*7-3>^-f^Jln»A**«FSr«^>tt< Hlo© 

<D5%<D'J>tj:< t $> 1 oKlg^HT, ^cC<ifelocD 

( c ) d>£ < t h^^tmmmm^m^x % m 

[»«316 8] (A-B) *C + D©BB»*j|3BT* 

^^S»*-F*iJ©7 ^-;UF, 0*0, 

( 1 ) *»ty-^A*«f5er**l|ty-x[W!Bi7 -f-ji/ 
Fi, 

(2) m#v-xB*ttT&mxv~xm»y 4->\s 

F<fc. 

(3) »#y-^c*4«eT-5«»y-^«iai7 -f-jb 
F£, 

(4) a»y-^D*««-r*tt»y-^«iai7 -r-^ 

F<b, 



(15) 
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[8»*3B6 9] (A-B) *C + D©M»*H3W-5 
Y^^*-F*9SlJy -f-^F\ 

( 1 ) RGBmaammiv~xA*tter&mxv- 
xffjtai^ * Ft. 

(2) 7;^7MSS8»y-^A^tS«ev 

(3) RGBMSSSfy-XB^S-r^SgV- 
xMffl? F£* 10 

(4) 7^7 7 MSfSSSv-^B^-r^iSV 

(5) RGB«s»*»»y-^cs:4ee-r*«ffy- 

(6) 7;V7 7 MgSigy-xc^ST^^v 

-XfWSpy •f-Jt'FA, 

(7) RGB«^«OTy-XD*«Sf4fll»y-- 
XfHffl^-r-^Fi* 

(8) r^y r fltis»Rini*y d ^£te/ufy 
-**Bpy -f-^Fi* 20 

[IWW7 0] (A-B) *C + DOW«*SBH-* 

^^«a»*-FW8P7-f-Jl/F. 

(1) ^V^-7^>1f^^^0(Dfca6©RGB««ES* 
jgWy-^A*«3e-r*KWy-^«WP^ -f F4. 

(2) A>f7 7>f>1f>/^;H0^©RGBMSI 

(3) A^y*^^>if ^^;V0(D/c^(Dr^^T^S 30 

^g[y-xA^#s-r^?asy-xMtaiy *-^f 
3R»»y-^A*«sr*i»y -xafl»7 ^ f 

(5) AO7Y>1f^^O^0RGBMf 

Sgy-^B^i-^ily-«7 F<b, 

(6) A -/>1f -Y^JH ©fcabORGBflWEBSt 

j»y-^B*«l*S'rs«llty-^*llBiy F£, 

(7) ^-f^-f>* -Y ^Jl/0<D/ca6(DT^7 r «jSS 40 

SiSfy-xB^fSiiey-x«tsi7 *-*F 

(9) ^A^vA^A ZJMXDtc&XDRGBffif&mM 

JWJy-^C 4*»y-xw»7 ■< FA. 
( l o) A>r^5-<>if-f *;bOOfc«>©T;U7T«0E 
BRi^y-^CiWSTSfRaty-^IWfB^ a -to F 

A, 50 
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(11) ^W^^-/>1f-Y^JH(D/ca6CDRGB«J5SS 
a^y-xc*4^T*S»y-^«l»7^-;VF 

(12) ^Y^^^>if^^;i/i<D/c^<Dr;i/y r»fiS 
WR^y-^C*W3&r**|f y-x{W»7 * -to F 

(13) >tJ"-f ?)l>0<Dtc#><DRGBffif&m 

mm»v-xD&ftj£?zijmv-xfflw? * -to f 

(14) rtJZfU >VA 2to0<Dtc#)<DTtoy yffifc 

&mmnv-xD*&m?2>ijanv-xfflW7 a -to f 

(15) ;^y^>f>1f >f 1 ©fc26©RGB«JiJES 
3l^»y-XD*1*3er*iIP»*-^«B»7 ^ -;t> F 

(16) ^ A 7^ A >V A ? to 1 <Dtc#>(DT toy 

mmmnv~xD*%fm-?zmmv--xfflwy a -jv f 

[»*S7 1 ] RGB*7-3>M'>ft^t>W 

»j£r*A**«3e-r*, 4>tt<&fcsn* *2, ^3 

T fry y ti v - n \s)H ir * + > Ztotettfc-? & XJlZ 

mmme 7 husk© a. 

A y'^y A >V A 2 to I <D*> - z2 A >«f¥te*f j£ 

m^Ml 3 ] 3#:5t^y a ^X^fAfCfffl 

Og^- K»ffl)3v> F*IE«U ^igaUn-*- FfM 

11110 0©6e-> F^Wt'Jfi%fttfa7> F»SB 
^y ^-;UFA. 

i3y-^Zs^A±frh<D'}>ts;< ti>l KDftzr — A^ — 
**-FlWtBiy-f-^F. 



(16) 
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29 



30 



immi74] (a-b) *c + D©w»«wjrr* 

( 1 ) «Htv-XA*«5t-r4«»v-xtfl8P7 -f-JV 
Ft, 

(3) 3B»V-^C*1«eTi*»V-^W»7^-Jl/ 
Ft. 10 

(4) jn»v-^D*!|«e-r-5*Q»v-x«i»7^-^ 

Ft. 

*E1tt5f«tS 6K£tf. SI** 7 3 KfBi&©IBtt 

Kf*. 

[§lf*Jf753 (A-B) *C + DOPB»**H'r* 
v;l/^:7V?ify-;*£1#3£-rS;te«>©> «T©=J>^* 
^^-SW*-FWai7^-JUK v 

( 1 ) RGB*«M5WllV-^A**ftltSW|y- 
^Wffly ■/ wUFi. 

( 2 ) tjU7 T«waB««»y-^A*«3E-r*«»y 20 

(3) RGB«JS»3R«»y-^B*4*5t-i'4«»y- 

*(M©7 F<fc. 

(4) TiuyT«fiRfiJRi9»y-xB*«pS , i-*«»y 
-^W9y ^ -Jb F i . 

(5) RGB«J^*St*y-*C*«^S«#y- 
*3HJ$P7 -f -A- F£, 

(6) T)\>?7mmmms.v~xc*&m-tz>fism.v 

(7) RGB»^*SD»y-^D*#5E-r*fln»y- 30 

7,%my ■< -Ji Fi. 

(8) r^7r#jj5g^gy-xD*#STSJjn»y 

*E!SWS*I8*3 fcK*tf. 11*1 7 3 {CfB&©fBtt 



6) (A-B) *C + D©8fl»**3RTS 

i7-9-y-^*45«-rsfc»©. «T©=i>^ 
- FW»y -/-ybF. 

7*5 ? JK) ©/c«t»©R G BfltJ&g^i 

A&<ffi£?2>m&V-*.ffl®7 a -JV Fi. 40 
7*7 >1f * ;H ©fcJ?>©R G BtBJSg* 

A*^B£-r &-«»y - x$OT7 -< F £ , 
y*7 A 7 jK) otabor fry r 

-J=7 -OVA 7)\>\ <Dfc#><DT fry 7 ffifSM 

-fy Als-ty 4 7.>K)©fcJi>©RGB#iJ£i§^ 

B £«ff y - ^-^Fi. 50 



[BU&S7 

( l ) ;W 
«*y-* 

(2) 

*»y-x 

(3) ><4 
3R«fiCy- 

(4) 
JR?g»y- 
i, 

(5) >U 



(6) v-C-f 7*-7-OlM i>)H<Dtclb<DRGBffil$,mm 

iSv-^B *«^-r -s«J?y - **flffli7 ■< —)V F <t , 

(7) MVy"7-r>-!f-Y^o©fcJ&©T;i,y rlfjigg 

3SHE»y-^B%!RFS-rijg»y-x*iJ©y ^-;UF 
£» 

(8) MVy'-7-^>tMi7;ui©fctf>©TJUy rlfi&i! 
SPIMIIy - * B £f#S-r S $<ll y —7s.ffl$y ^ —)l F 
£. 

(9) ^>1^7;U0©;fcs?>©RGB1?l(£gi^ 

(10) ;W7*^>i^^o©/c&©y^:7 7 8tJ& 
S^gty-^C*^-r6^#y-^$iJffliy -;u F 
£. 

(11) 4 75 -OVA 7)ll<Dtclt><DRGBffil$M 

(12) ^•-fy'7-f>ifYi'^n ©^©r^y rmfc 

(13) ^7'^>1^7Jl'0©fci£>©RGB&Ji£g 
3R»I»y-^D*»3e-J-*ftWy-^aa»y ^ -* F 

(14) ^Wy'7-Y>-9-'(^^o©ft:i?)©r;py tSJrS 
MRtoWy-* D*4*j&i-.&fliJ|cy--;**HJP7 -< F 

(15) ''i-f^7^>tOJH ©fcJSCRGBSsKS 

a^y-*D*#STSJn*y-*«ffli7 < ->i> f 

£. 

(16) ^-ry^-f^t^^u 1 ©fcs^T.ii'y TiffiS 

asRtp»y-^D*«F3Er*miity-^iwiai7 -;u f 

£. 

*EtTr 6 3 6 IC^to . if 7 3 ttf B*g©f Bit 



#j£-rsA2j£*Kr<r£, d>fc < <t 4>s& 1 . ^2. ^3 

T )\> 7 t * 7 - =1 > / W ^ 5 1 > *A £ »IET -5 A^J 4 
1#5£f€>. ^<£fe^5. ^6. ^7*Jct^8©v 
;l/9=-yu^-9-jlJRfil*IBtt-r6^i, *3 6{C^t?. 
IS*fl7 3 {CfBt8©IBti^i*„ 

[H*S7 8 3 vNVy'^-/>-y--i'^>iIx0©*7-3> 
1. ^2. m3fc<fci>'^4©-7;l,^7'u5'-^S^fii^ia 

ytm8©-v;u^7-u^iJ-ji»?fii*fBti;t-s^|g<t. 
t«*«7 3 {cia«g©iatia«ft„ 

[ff*^7 9 3 3^76^77 ^ ^ i'Xi'Xf-AfCio 

xmm?z>fc>t><i>> 'pu< t& i -7©*7-iB^- f 



(17) 
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1 1 1 1 1 1 <t 1 1 1 1 0 1 <L<DiS^rt©6 tf * F'<-f 
*y FSKS^ -f-^Fi. 

[»*B8 0] (a)rgba, 10 

( b ) y u v v 

(c ) >f=9 

(d) KS7^7 7 , 

(e ) 7^7 7, 

(b) 8^9 h«e«ti»3Rtt. 

( c ) i e tr * nne«jsRB*ffl. 20 

(d) 32K> F«£«teK£3Rft. 

[»3R31 8 2] y * y CCiElt 3 tt/t@i&<DIIB^<DiJ|£ 

[fSsfcS 8 3 ] H«©±gR£38<ZM -f >^ * y tcfcW 
**Jitrax^^^*S6CC*te, »*B7 9KIEffi<D 30 

4>tt< ife io©y*y 

y-y-iU8Ey*yfC»^3ti*HHi, MIBn 
Ftt* 

1 1 1 1 1 1 t 1 1 1 1 0 1 £<Dg£Sftr 6 fcf 9 F'W 40 
i* -Ji^37> FBHO-T-7 -/-^Fi, 

[»*B8 5 3 (a) rgba, 
( b ) y u v, 

( c ) tJ^ — A^f v 97, 
(d) «U*TJU7r. 

(e ) Tfr?T* 50 
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[SftPB 8 6] ( a ) 4 If 9 F «&«fiES»ffl. 
(b) 8fcf 9 hUBflMOHRIL 
( c ) 1 6 tr 9 F RfiflMHRfL 
( d ) 3 2 fcf 9 h«64WOBRff . 

S¥A«3 6<cdb % BWc3H8 4«:R«©^^a 0 

8 7] y * y {cifitt 3 n/ciii^oiii^cDiiis^ 

tf, W*3S8 4CCiEa80^^^A. 

8 8 ] H^cD±gp^ffi©^ -r > y * y «c* » 

^-X7 FUX4«fJlt^-^7 FU7A7^-^ 
*«A**a*S6CCdtf % »*«8 4CCiBtt©^^ 
A. 

[i93c3H8 9 ] 3#7C^:7 ^ 9 ^X^X^Atcfcl* 
4>&< 1 oCDifr^HIHft*— F37> F*H*t 

(a) FKWW51 1 1 1 1 1 i 1 1 
FWJiFF7-f-JbF©JW»{i, 

(b) mm-r- zvmw* 
^s%ii^'7^ - £ . 

BNM'*7y — 

( c ) 4>fc < £ fcSBfltfKc*^ 9 rX ( b ) tcS^t^fc, 

[»*19 0] Hft^-dfWWfb/^y-^cca^i* 

( a ) rgba, 
( b ) y u v x 
(c ) >x 9 

(d) ag7;^ 7> 
(e ) 7^7 7, 

(Dl»rtl^XKTSX^9^«3 6ec$b k M3JSS8 
9CCS4E(D^"ci-fe^ 0 

(a) 4 fcf 9 FM&«JiE63Rffi. 

(b) 8 tf 9 F«&flh£»Rfii> 

(c) 1 6 fcf 9 FiBfMftJi&SJRfB. 

(d) 3 2 fcf 9 hM&ttAKRtf, 

©^rti**as?-r4xy9^*s6«:4tf, tasais 

9CClBtSO^P-fe^o 

[f§#JI9 2 3 IBMI'<7y~*fttCS~3l>T. y* 



(18) 
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[i»*3i9 4] #^-Hi«Kr- Fccaftsrs i i i i 
nil i noi©sgftt, 6 e * h-rw^yffi* 

ii-r—Wfct— FK*tJ£T4 111111411110 
1 4©RJ£rt<D6tr* h/<-f^y«*#to=iv>FW!l 
^(B«t^fc«)03v> FBW(HF«#S4, 

^-X7 F UXa"7^-^, <D'J>t£< £i> 1 o^gRt 
j£T£«7K0!&4, '>^fA 0 20 

[»3SS9 5 ] B#^-*wm^^-^ts^i> 
t, 

( a ) r gba, 
( b ) y u v, 
(c ) 27^ W>rS 
(d) M7^77, 
(e ) T^t, 

(a) 4V? tm&mf&mmm. 

(b) 8fc> hWfiflUSKMl. 

( C ) 1 6 b$mmf&mmm. 
( d > 32tvh mnmj&mmm. 

^fr, »#3g9 4KK«©V*f-A 0 40 
[|f^9 8 ] ^-X7 FUX^^-^CcS^l* 
T v iB«©±»^©^-r>>*y5C*5WS^-XT F 

[»*319 9 ] 4>#< 4 & Iocd^-BISK:- F3 

1111114 11110 1 4CDtS^rtr6 h^>r 

7" 'JI*^37> FW8FF-:7 ^ -)V F4, 50 



34 

^jsmmmw^ * - * 4 . 

[»3jSgl 0 0] (a) rgba, 

(b ) y u v v 

(c ) 13^ — 4 >-r j 

(d) «S7JV7 7 , 

(e ) 7JI/77, 

ttW &^JS* S 6CC^fr, gf5R3S 9 9 K:§SiS<DiStl$l 
tt. 

[(t*B 10 1] (a) hM&ltJSHRfl. 

(b) MK&flta&SSfit. 

(c) 1 6fcf* MSfe«J£giRffi, 

(d) 3 2fcf^ hH&ttttKM. 

[»*3H 10 2] ^ ^: y &tldtt3n/cB&OBig©tfS 

ma^9 9cce^ettJSfc 
10 3] H«©±SR£Jft©y 4 > y * y fc*j 
^-X7 FUX^t^^-^7 Kl/^7^- 
frtett-rS^StS&tcdtr. tt3ftQ9 9CclBtt<DsS 

[If ^51 04] 3^tc^7 * * a^S/^AicJ: 

o -carat" *fc#>ax 4>a< 4 1> 1 ^iaft*— 

£k ^^7^^ii37>FiX 
11111 0CD6 fcf * F^Vt'Ji^37> FMiSU 
-r-^F4, 

'Ptl < 4 & 1 oojiff EB«0±SBSa©> ■=£ y T FUX 

[IfcJBHl 05] 3Xjt#?y a ^X^XfAfCj; 
oT&ST£/c#>(7\ *J>ft< 4fc lO<Dv*^jS&*:~ 
h*37> F^Ii^yXfAtfeot, 
4>&< 4fc 1007'Ptyft, 

< 4 & 1 ocd^ -=e y 4 v 

4>&< 4fc lo(DK7X»^7> F*»A*SrE 

^D-fe^-9-4fna-rf*y4ccis-&3tifc*®4. ^ 
11111 o©6 tr* F^-/^yflr*dtf3v> F»gij 

^7 -f-Jl/ F4, 

< 4 1 o©*tf B«©±affi»<DEttr F U^?: 

[»*S1 0 6 ] 32&£#57 a v ZXlsX^&tCto 
4fc lo©7^^I«t- Fav> F&IB 

«t^7'P-fe^r*ot, Sg7^^Ift^-F37> 
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11111 ocd6 tr ^ h^>f± ';fii^tf3v> pttst 

F<Dfl¥S?<h, 

t>T v 11111 0O6e? h^-Y^U«*ftb, 

< <l£ i o<d^**m**- F3v> Ffcjwtraa-^ 

11111 0©6tf ? F;^ty§^37>F^lJ 

^ F*j»R-rs#s±> 
4>ft < i t> i o©ji?f Bifft©±«^ao^ * y T F U * 

[ffjjsg 10 8] 4>& < t i> 1 ^iBtfc*- F 

Ftt, 

11111 o©6 f > f/w* y«**tfn^> FWS9 20 

-f-A F£, 

4>fc < <t 1 o<D||fTlB«©±«£K©-rf * y T F 
ttSti^-^TFWi, SBttMtt. 

0 0 1 0 0 0*60 0 1 1 1 1011^6 \*v h'W 

j- y tf*stf=i v> fbwot-^ * F**tr*d>fc < 

t 1 oOZflH^7> F t , xfc<J:tf yffigfficDtt 
■rSHftfiBB3^>F^*-V2; hi, ££j£*r&X^ 
[fll^gi 10] 

'PU< <t*> loo^t'Ji, 

4>fc< <bfcx:b<fctfyffiBllr fc 00 1 00 0^600 

1 i i loiEHrtcce^^ h^-ft';(§tsto37> f 

SKIFF-:? -y F**"TS*ft < £ fe 1 -o<D=ftffim^ 40 
v>Ki, x^^afyffiafflOStfS^^xfciC/yfilB 

im^mi 1 1 ] 3 #55^7 * ^^^->xf-Atc*j 
!^>ft<Afeiooa5*3^>K*wfb, Mar 

(a)i>ft<itx*J<ktfy{J[IiW, 00 1 0 00* 
600111 1 <DffiHl%D6 fc? * b^J-fVmZStt^ 
^> FSHN+y -y F**tT *4>fc < <fc & 1 50 
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tSm^^> F 

(b) fr8Bxte<t^yfifflfflCcStfE-rSx*$J:l^yfi[B 

[9W&B112] £fcxfc«fctfyffiSffi*. 0 

0 1 0 0 0*60 0 1 1 1 lcDffifflrt<D6 b* * F-r«-f 
ytf*Stf. 4>&< ifelo©^3v>F*H?f-ri 

4>&< t &xte<i:Vy{iLmB&. 00 1 0 0 0*6 0 0 
1111 <D®Hft<D6 fcf* h^^-T^yfii^:^r3v> F 

^> F*«wr*a#«i. 

[8MBI 113] 3 205^:7 -f ? ^X^fAtffi 

l^6ti^fBt^S»r^>or, *^fe< ifcxfcitfyfiMB 
fit*. 0 0 1 0 0 0*60 0 1 1 1 \ <Dffimfo(D8V»j 
F ' W ir y ffi**t*=i v> F BUMFF? F^rWT -5 
W<iiloo*i37>Fi, ^x^^yfil 

fficcsftjs-r^xfc^^yeaccfc^r. ^&<it>io 

[IS^i 14] 4>fc< ifeloogS3 7> F** 
^•feX^ot^ ^< ifc lo(DHftS5Iii3v> F 
OOlllliOOlOllCD^ %<D4>& < <b 1 o^c 

*$^r, 6tr^ F^vt'jfi4^t-537>Fi)5iff7 
>/-;bF<h, 

1 -fey FOx^^flHRi, 

1 -fe > F©^^X^*T«a<h. 
1 -fe^ hOZ^ >^T^ife<h, 

<b 4> 1 OCDH^ *buI B l-tev FCDx 9 ^fiKtttC L /c* o 

rjs®$n, a>^< i bwumtcmsz 1 ^ » f<d^^x 
<t fegp^w^cfiriB i *fe ^ h <d^* ^ y y.gmttcm-i^x z 

[»3cai 1 5 ] ZXjtV^V A v 27si/7sTMC& 
ft^f^^fAt^ot, 

5i>a < 1 6 i ooHftffiio=3v> F*«j»"r*te»cctir 
§a^ n * ^ * i may * y 3 nfciiiss i . 

HulBHftffiilinv>F5i, 
00111 1400101 1CD^ l^CD'ptz < t h 1 o^c 
6 tr 9 F/Wty«*WTS37> F^iJT-^ ^ -ib F 
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1 fe 7 Y(D^^^^T%^Lt. 

4 1> 1 -o<D=ftttwitZ 1 -b h Ox * ^flHRec Lfti^o 
rffiaili^n, *l>&< 4 fcS^WfciWIB 1 * F 

4 fcSB^WJCHfrsB i -fe 9 h <d^* v ~y ~t gz&tcm^x z 

[j»«91 1 6 ] 3^^^r7 ^ v ZXis^rMtte 

(a) 00 1 1 1 1400 10 1 \<D*>*><D'J>t£< 4fc 

-;L>F£8¥??T£C4 4, 

(b) H27h©x 9 s;««4IWH-SCii, 

(c) Hr^h©f^^»r«»4l»R«Cii, 

(d) 1 Y<brtv7 7$^*imtfrZ>Zbt. 

(e ) 4>&< 4 feSMfrHKC mflB 1 -fe 7 F©^****T 

ftmiiCmU 1 -fe 7 h <D Z 7 -7 r «S«CS-31>T Z 7 
44, :/P-feX 0 

[M*311 17] 0011114001011(7)^ 
©4>&< 4fc lo<£>6 fc*7 h^VtViii^1*Sn^> 
F»80^-7-f-^F*WT&, ^<4fcloOHftI 

(a) 00llll400101 l<0 5%<Dft>&< 4& 

-;UF*»WW-4*S4. 

(b) l-fesr F©i5ryflW*IWr*#«4. 

(c) l-b? Y<»^2X*~Tmk*ffim?Z>^f$L±. 

(d) l-b9h©Z/^7T«St)W!mRi, 

^>«c < £i>$&mcmwzi ^7 Y<Dr>7X3-~Tmttit 

HufBi-fe^ hoz^^^^T^fca^c^r z^wr y 
>^3tt£<£5K:, 4>&< 4& lo©=ft*H3IBl-fe^ 

»o*eccis^3tii*a4, ***** ->xta c 

[fi^i is] 3^jc^y ■< v zxisXrAvm 
c»6n*BBt8aiftr*or, 4>& < 4 fe i oo= Pimm 

37>FtE»U aSEft»B3v>F«, 
0011 1 1400101 1©9 %©il>a < 4 fc 1 o<D 
6t9f^-ft'J W"T £ 3 v > Ff&giJT-:? -A- F 
4, 

1-fe* F©xy^«»4* 
Hz* b(DT?Z?~7%&t. 
l-fe7 h(D^7 :7r<&£fc4 N 
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mjldZ:ftffiliir2^> 4>£c< 
4 & 1 o<DHft#f!5fB 1 -fe ^ F cdx ? s^fiHRCc o 
TJSHSft. < 4 &3tf>tfj&Cji«fB 1 -fe 7 F©f 

[S»3j&Hl 1 9 ] 3*JF5t#^y a 7 ^XVXfA-C® 
%fLT2>tc&><D, 'J>t£ < 4 1 ^(Dmm^> 
S7 , o^^ot i ^< 4*> lo(DHftJSHnv> 
10 F^^T**^ 7 ^^Zftfi®n-7> F 

0010104001110©^ %<D'}>t£ < 4 & 1 OCD 
6t^^>ft l JI?:WT^37> FBWJf-^ * -Jl/ F 
4, 

Hz* F©x*£Hfc»4. 
Hz* b<DT?X**7%&t. 

risij^n. ft>&< 4 fegp^HWccifrtB Hz ^ f©f^^ 
•T4, ^'n-fe^ 0 

[ft*^ 12 0] 330c^7 a v ^^^fArft 
a-T4/c2sb<D, 5l>«c< 4& lo©iS37> F^atfiEf 
^^rA^ot, 
^cC< 4& lo<D^*U-fe^1f4, 
^< 4fe locD^^ry 4, 

*J>ft < 4 1 o(DZfti|37> F^^£*T4/cfetC. 
!9E^n*^lf4B(rfB^*yK:te^3tiyt@B54. 
f5fBH^fiallir3V> Ftt, 
30 0010104001 1 1 0©^ ^£>4>& < 4 4> 1 o<D 

6 y b^Jj~ yfi*tfS3 7> FBBUT-^ F 
4, 

1 -fe v h0xr»4, 
Hz^ hCD-r^X^^T^4. 
^rs^> mriBH^Jiiijnv> F^ > h^, ^< 
4 fc 1 o(D=H*s«rBB 1-fe v b ©x ^ ^«j»tc b o 
rfialii^tl, ^fr< 4 fe«»W5CBJIB 1 -fe v b<DT2* 
? * T«»«car5i^^ ^ ^ ^ ^. r -vffifc £ ti*> J: 5 tc 
^XfA 0 

40 [IS^12 1] 3^^^^ ^ 7 ^X->^^A^*5 
^< 4fe 1 o©Z^jSI^v> F^HtfT^^' 
n-fex^^, ^Sg=ftfiaSn^> Fti. (a) 0 0 
1 0 1 0 4 0 0 1 1 1 0<D5^<D4>fc< 4*> 10CD6 

7 h^^t'JMSn37> F3W5IJ-T-7 a -)l F*)» 
3K-r5C44, 

(b) 1-fe 7 F©x*2^fl«*Wrc-r*C4 4. 

(c) 1H27 KDf^^^^7»Mf»Rtac44, 

(d) *ft< 4feloCD=ft* t tJfBl*fe7 FOx^SP 
^^bfc^^rfiiiib, ^< 4fca^ttfcIiJ8ai-fe 

50 7 h<Df"^^^^T^tCS^l^C7*^X^^T-C?S/c 
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OOlOlOiOOl 11 0<D*)%<D'pt£< ti> 1 oo 

6 1* * b^J-r »;<B^wr€>nv> fbwo^^ ^ f 

It* KDx^^^K^gpjR-rS^^^^-Ylfi. 10 
it* FOf^xf^rM^Mt^r^x^arl 
hi, 

ii>a < <b «> i oozft^, Mia 1*9 hex * vmfac 

[9*51 23] 4>&< £fc lo©=JMBB3v> F 

Mftt^ot, ^HftJSuBnv>F«, 00101 
OiOO 1 1 1 0<D*>%<D'J>t£< th lo©6t9 20 
-f * 9«tfi37> FBBO^ ^ * 
It* Koi?^^ 

lt^o^^^ayffiRi, £a<^ BafaHftfia® 
3V>F7*-vyHt ^<i^lo(DZft«!B 
1 t* F©x*^^*C0fc#oTffiiBS*i 4 *!>&<<fc 
fcaWJtfJteMIE 1 t * hOx*X**T0f^tcS^l>/c 
7-*x?»rr«fc3ft*J:9K:?&. EttttEf*. 

[» ^ 12 4] < t 1 ocDHftJSSi^ ^> F 

^t/XfAiC^^tjaif ^/cfe© k 5l>ft< ti> lo® 30 

8S3v> F£^t"£fc#o:/nt;*r£>oT. 
Zftffiinv> f«. 

00 1 0 0 1M» hA>&Xt£ftft:flG>6 fc:** F'W^ 
yfi*WTS37> FHfflil^^ -f Fi, 
It * h©i7^«HS<b, 

ltv FOZ'<*7rfl9R£. fif IBHft ESS ^ 

•7>.K7*-v?r F»* % 4>fc< 1 ool£OfrC>Hft 

^xvs?flHR«:iyfc3ftSorjaiiisn k uei-fe^Foz 
n&ct^^-r*. yu^zx 0 40 

[»*3S1 25] 3 #55^ 7-/ vZXisX^AlCjz 
oT^ST&/c#>0, 'J>U< lo©I^3V> F* 

4>fr< <tfc loo:/nt*i?-£, 

4>&< th lOO^^'j^, 

fufB:/cit *1f:fe<£C>*4>&< it 1 ~o(DE.PitmW^^> 
MIBHft}SHi=i^>F«, 

o o i o o iot-; F^6a«n^fi©6 f^v^ 
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1 t * hOXy 

I t * b<DZ'*v7 rffi&Lt, BulBHftfiSlin 
v>F7*-v^{t 4>&< 1 oOl$02:l>H# 

ibi h©z^y77isa©$&< asccs^c^ 

[f*3|8B 12 6] 3^^^^ ^ * 
t^T, *J>& < <t *> 1 o©Hftil3V> F*Hfr*"5fc 

(a) 0 0 1 0 0 1 Ot* h^6il^n/cfil©6 fcf* h 

(b) 1 1 * h ox * vm&sofmit , 

(c) 1 1* hOZ^*:7y^O»S?<i:. 

(d) 4>&< 1 ool*OSa>H;ft£fugBl KD 

7 r ffi»<D4>fc < <h gfl&cS^T Z^ * 7 y Sfti 
127] 0 0 1 0 0 1 ©t * F fobmtttitc 

m<o 6 tr 9 b ^4 ± »; «t^w*r h z* v > pflwiff 7 ^ - 

^F4*L, d>ft< ifclocDHftJSiBn^^F^lltf 
T£fc#>©3;&7n^:7 ^X^nr^ot, 
MIB0 0 1 0 0 l<Dt * h^6^«tl/cfiiCD6 t* * b^ 
^t'Jffl^ft^^vy F^iJ^r? ^ -Jl/ F©»HR*T 

It* ^©WRtfSx 

It-; hCDZ^^*^r^(Dfl?^^-r€>^^;^ra> h 

< 4 4> 1 o<z>j^©ai\=fc*i5iB 1 1 * box -; ^ 
^^L/c^orffilEL, fJIBl t* b<OZ^Wr% 

[fit*3Sl 28] d>&< 4^1 o<D=ftfiSBHni*7> F 
*IBtSU 3*7C^7^ v^^^AKfflt^Ettai 

0 0 1 0 0 lOt* h3^6il«n/c«l<D6 ^* b>*4T 
•JMWT^avv Fg^iJ^ 1 ^ ^ F4, 

It* hOx^^iSt, 

I I * h©Z^^7^Si, MfBHftffiiSn 

*s«rsB 1 1 * h ox 9 s^«»cc u tttfi -ztxmmzti. m 

IBI t* F(DZ^^7riSO^< ife— «P5CS^Ci 
[ff^Hl 2 9 ] 4>£< 4fc 1 o©f^Xf^7ffi^ 
* ^^->^-rA(cJ:orA0 : a"r^/ce56o4>^:< <hfc l 

1 0 0 1 0 0^5<^C>* 10 0 10 1 ©BIfl©6tf9 
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1 -fe y F©^*^T£fc£fc£, 

*T^ffiiB^v> F7*-v* Fte, *ft<4tlo 
©JfiJ&MKHE x fc J: V y mmmic L o T JBJB 3 ft » 
OTBl-fe? h©^^^*»rflHKte<tO p *-f^B*T--f 

-cstfcsftsjcscc-ra* y'zuzz. 

iii37> F*«**fc»o*rK^*yK^Sftfc 

1 0 0 1 0 OtecfcO'l 0 0 10 1 ©®HF*9©6 fc* * F^* 

*!>&< it2o©xISfii, 
4>#< <b&2o©yj^g|<B£, 

©jg^ffifiS x *5 <fc y ffi«(ffiCC Lfc# o T JHB 3 ft, 

:*7rjBfc3ftSJ:Mcr** i/xfA 0 

[SWcJSl 3 1 ] 3A7C?5y H v ^^fA^fc 
4>£< t h 1 -oOt^^^T^S®^-^ F 

J©g«SB3^> KB. 
( a ) 1 0 0 1 0 0 te<fc£>* 10 0 10 1 ©®Hrt©, 6 

(b) 4>fc< ifc2o©xJ^Sffi©»«?t, 

(c) d>fc< <tfc2o©yffi«ffl©»iRt v 

(d) H2?K0f^^^*7«»O(WRi, 

(e) fr^UK^^^^tfOiWR*:. 

( f ) IWBx*5J:C/y««««:Lte*^rd>tt< i fe 1 

rffi»te J: tfifflS* -f >bB*f -/ >^ v * * tf ©4>fc < 

t «> — « cc s^i >/c 7 s - * * * * r r si/c s n 4 ct 5 cc -r 

[8W&B1 3 2] 1 0 0 1 0 0te<fcCM 00101© 

tsm^^y F*ntT-r*fc»©3^7c^7 * * 
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0 0 1 0 0 l*$J;tf 1 0 0 10 1 ©®Hrt©6 fcf ^ F^' 
-f * >;ttt»T537> FWJBT-7 * ftommr 

^ffi©^s?^*r a * » & , 

l-fe* H©f k ^x^arfll«*JJ:CF*-f^EaH : --f>f 5 
> ^ Xfi©l»R W4f ^ ^ ? a 7l«a^ 9 hi, 
WBxtJ«tO e ylB«IK:L^ot^a:< i fe 1 o©*§ 

scccs-^c *tL7*x**T -cmtc 3 ft 4 <*: 5 CCT 

[SftfcSl 3 3 ] 4>ft< ifc 1 o©^*x* 3.7*60 
Jffll3V> F&BHU ^<K5tV"?V j v?XisX7~J>. 

f«, 

iooioo*j<i:yiooioi ©®Bft© 6 tr * f ^ 
>ft»;i^TS3v> FWO=?y 4 F <t, 

20 ^cC<ife2o©ySSfi, 

1 ^ » FO^*X^;*7<Stt<!: k 

c*7J©F£JSH:3V> F7*-7 > F«, ^<Hlo 
©JKKtffuiBx <fc y ffiSUBfc: Lfc#s o T ffiH 3 ft, 
maife? F©x^^^^.r^fcJ:c>*S«IB^-f^lB^ 
^-r>7 r ^^^ffi©^< ife— gBJcS^^ft:^^^^ 

3 4 ] 3^C7C^^^ ^ ^ ^Xf^A&C^ 
oTMMT€>/cfe©, d>^< ife lo©^r3v> F* 
30 W^^D-bXt^^t, 

(a) iiioio©6tr^ F^v^yfii^wra^^ 

H2»F©effi«i, d>&< tfc l-fe^ F©7' 

y ^fen^> F^a-r^^f^'i:, 

(b) 1 10 1 1006^9 h/^tyfi*WtS3-7 
>FIKW-?-7-r-^Fi, 

^< <h^>2o©xMSffl<t, 

^<tfe2o©yIiIi 4 ^rS^, ?i/c3ft/c^^ 
xr^Tfeffiam^^^^Fy*—?? F«, ^<i4i 
40 1 o©fE^*SHffB x *5 <fc y Mtl ffitc L/ /c^ oTffiiii£ 
ft, S5IB1 -fe > F (Of- ^X^a T 0^4c5 J: 0*feJ^S©4> 

&< it— aBccs^c^cerafeSftSA^tcrs, ? 

[tt^cfl 13 5] 3^^^^ > ^^v'^^A^Ci 

^t^^fAr^ot, 

(a) 1 1 101008^9 F^V^Uffi^W-r^n^ 
50 ^KBW«^-*^F4. 
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I** h<D&mmt. *^tf, *i>&< it i boy 

(b) 1101 10 ©e tr^ b^^-rvm^m^r^^ 

'j>&< t&2mymmm£. ***** ^<i«>i^ 

tSmavls F7*-7 9 Ftt, it 1 O0JB&W 

IWH x *$ <t yffi«ffi«:L Ai^orSiai 3 ti, MISfeM 
«©d>«c< it^frcS^fcfer«fc3n£<fc5&c-r 10 

[SWcJSl 36] S^St*??? 4 ACCfc 

ftiboypta < it 1 ocD^7Fnv> F*JSfrTS^n-fe 
(a) 1 1 10 1006^9 h^-fty«*St537 
l*?hOfiWi, *Stf. *!>&< it l-fe* F0:7 
(b ) 110 11 O06t? h^-f^ 'Jtt^trSav 20 

d>a< i t2o0 X j^Mii> 

(c) >j>*< i<>io<oje»*wrBBxii<tcfyffiaiiifc 

[ff^Bl 3 7 ] 3Xju#^y a v ZXlsXT^Cte 
l»t 4 1 1 10 10©6bf?h^Wt'JM#r43v 30 

> -/ f*w-ts, 4>& < t t i 00^5* 

nv> F**fTT**MT*->T, 
1110 1 006 fcf? h^Wt'Jil*STS37>Fa 
WF-^-f-^Fi* 

1-fe* h0£>Mi§i, *Stf. 4>&< tfelt? Y<Oy" 

y ^ ^fen v> F*»R-r*#«£. 

110 11 006 e > h;<-fty«t»t53V>F« 
Bff^-r-^Fi. 
4>fc< it2o0xffifiM8i, 

^<ife2"OOygSii4, *Str ^<i^)lo 40 
< i t 1 o0te®*faiBx**<fctf yS«ffi«: 

So 

[fifjRJHl 3 8 ] 3^tc^7 * * ^^^XfAiCffl 

(a) 11101006^? hA^t9fl*«T43'7 
^f&JiJT^-^Fi. 

1-fe^ FOfUWi. *dtr. d>tt< it 1 -fey F©^ 50 
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ysf^fenvVFi, 

(b) 1 101 1 0 06 h^-ft'J4l*Wt537 
>FWI*:7-#->fcF4. 

^<d:fc20(DyIgIi i 4>tt < i t 1 o 

0«fc3tiftJ©KOT3^>F4. *IE18U MIB^/c 
3ft/d£ff?JSli:3v> F7f-7 ? Hi. ^<ifei 
O0J®B3W HE x «fc y BSRtftc L fc# o T ffiSH 3 

n, uKfiffi«0ii>ft < t i>—mzm^tc&cmtc£ 

*i4<fe5Ccr4. CttttKf*. 

[f»«3Hl 39 ] 4>&< it lOOf^^aTftJg 

**^*^Afc<fcoTj^TSfc«>0* W<Hlo 
0^7>F^^^P-bX-C$,ot t Str^ 

110 10 106^^ F^Wt'Ji^t§37> KS& 
SB^-;l>Fi, 

lIH£<r-£:7*— F'^^ — £i, 

£^;i^^>-y->rx^^-£i s 
*-f juaa-f-f >f t 9^^i, 

F:J->^-i, 

^<i^> 1 O0f ^ ^ ^ ^ 7lt^ 7 > A7 ^ 

-£i, 

4>&< it Io0f^^^a7lt5 ^-pJSg^^y- 
*i, 

:i>&< it lo^r^^^ajll^^ty^/^- 
y >^x^i 4 

[ff*^ 14 0] 3:&7C^:7 -Y v ^X^X^AtCj: 
otHf^/c^ ^<i^l^0^v>F?: 

'J>%:< it l-oo^n-fe^lfi, 
4>&< it l^^y i v 

*J>&< i t lo©f^X?^7^7> F4flM.£fc 
2?>0 HUIB ^ P *fe 9 If i fijIS J * y &Cjg££ 3 hfcHRi , 

i i o i o 106 tr v FAVtyi^*r^37>Fi 

8*p7-f-^F& % 
y-£i, 

£ A >1f ^ X/s - * i % 
pafe-r^^^^r^^eyr Fu^i, 

^V j h^>^*-i, 

d>^< i t lo0^^X^*Ta«^5>^nIfB^y 

^<iilO0f>7X^a7lS$7-PltgA7^- 
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£i, 

mm^y v^ c y^-^<opti< t&i -dcd^zx^^t 

[HMcJSl 4 1 ] 3#Su^:7 4 * * A fc:** 

(a) 11010106^? h^Wt'J(B4trS37 

> FflM? ^ * F©»«i . 10 

(b) m&r-Z? V^U-Z<DW%it. 

(c) fegfRU" JXrt<7*-Z<Dffi3Rt. 

(d) a?-/^^^>1f-YX/^y-^<D^J(Ri, 

(e) HJSf-^X^^T^^'JTFl/XCDlBRi. 
(f ) ZJJl3dj& : ¥-4> J ?y&X<Dm9l£. 

(h) 4>&< it 1 o©^^x^*rffitR^^>^pI«B 
A^-£Ofl?JRi, 

(i ) 4>&< ttioof^^ a rllS7-^ 

^>* — £<Dfc¥*ii, 20 

( j ) 4>#< itio©f^? a 7i«7^>^/ 
* ^ - y > y^x^^f^i, 

(k) mSif? V^M — 9<0{PU< it 1 0<D^^X 

( 1 ) »E^^^^©4>tt< it— Sf{cK^fc^tt< 
it io©ili«(D£j£i, 

[f»3R3Bl 42] 110 10 1<D«I<D6 fcf v 
yffi*^i=iv>KiJ|)J!|^-r-;VK*Wr*. 4>& 
< it 1 o<D^^^^aT9ME3^> K**flfrS3* 30 

iioio i<06 tr ^ h^>r^y«%wr4n^>Fai 
ae-? * -Ji/ F*nwrs*«&* 

1 OCDf* # * * ^7il7 ^>y/57->J>^ 40 

ms&tmv'Pte < t i>-mcmn>tcpK <itio© 

[»*S1 43 ] 3#jt*?vy 4 v ZAl/X^Mcm 
l>*Ett«flrcaoT, *J>ft< it lo©f^^^7 
ftS:a^>F*SB«U 3lf^?^7^7>F 

iioio iofiicD6 tr? ^w^ytfutw-rs^-^ 
Ymmi-y -/--iwFt, 50 
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4>&< it loOf^X^aTlS^^^^tt^^ 
-*i, 

4>ft< it 1 O0r^X^^7ll5 7-WiA7y- 
£i, 

mMisy h^-*-*<D4>&< i t 1 o©r^Xfa7 
[ItXfll 44] Pte< it lo©^x^T£-f 

^^^s/^^Acc<fcor«ia-r4fc*(DiJ>&< i t io 

1-fe^FOllOlO OtecfcOl 10 0 1 0CD®HF^CD 
ffiO 6 e ? h ^ * y Mft^3v> F WSIFF-7 ^ - 
JPFi* 

te<£ OVa ^ ^ ^ ;I/Tffi*& > 

[ft^ll 4 5 ] 3^tc^7 ^ v ZXi/X^J^lcZ: 

-z>x$m~?z>tc&)<Dpr£< it ioo«*37> f*^ 
pt£< it l-ooy^yi, 

4>fr< it lo©f^^?^7^>fJ^7> F*#Jt& 
/ttfxDfjfS :/n -fe * -y- i Mf <=e y &cjgi^ S ftfcBK 
i, iJiE^X^T£>Ol/:3v:> Ftt, 

1-fe^KDllOlO OteitM 10 0 1 OtD-fe ^ KD 
f8Hrt<Dffi«>6tf* FA^t«;MWn37> FMBt 

Ft. 

p -feet ova j$j)\,s mmt , 

n~;fcJ:OVW£^;UTJ^gli, 

[!»*ai 46] 3^7C^7^^ ^ ^X^XfA^ 
C^T, ^< i t 1 OCDt^X^;xT£^;U:3V> F* 

FW. 

(a) 110 1 OOfcACfl 1001 0 CO -fey hCD@ffl 

^-;l/F©««!i, 

(b) P-W^-fir^^siSOWRi, 

(c) D-fe<t^Ydf>rJl/Tffi«©)»Ri. 

(d) *r-fiHBS6¥-f >f r ^^^(D««?i, 

(e) 7 7' (a) - (d) (Dd>^< t— SB^cS^li 
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:/p-fex e 

m^mi 47] iioio o^ct^i i oo i o<d 

KD1 1 0 1 0 0*5j:O*l 1 0 0 1 OtfMz v Y<D 

[»*3B1 48] 3^jOc^7 y ^X^XfAJCffl 

£>f Jl/PV>F£fStlU SRf^^faT^-f^v 
>Ffct, 20 
110 10 0teJ:&l 100 10©-fe-> KDffiHrtOffi 

p -4s J: OV> >r 3? A ^Tmmt k 

[III3&91 49 ] 5>£< <bfe iocdt^x^t^ 
y:/p?#:3^> F*^T£*7^^**2k 3^7U 

< tfe locD^n^>F^^-r-5>/c8?)<D^P-feXr 30 

11001 l<Dffi©6t^ h^>ft I ii>?rft^37> 
FHUMT? ^-;l/F£, 

p-£^;VTS*S^*^--*£, 

[»3jc3S150] 3^jc^^y v Z^is^MCX 
^X$m&Z>iclb<D'Pt£< ti> K££ 40 

J5rr £ fc&xDU x <r a r * o r , 

4>fc < £ l * y <t , 

>^7> F**J^T4fc^<DirlB^P-fe y1fi85fB^ 

noonoetr? hAvtyi^wt^^>Fi 

8(Pf7-f-ibFi. 

n-fci^^f^Y^si^^y-^i, so 
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5 1 ] 3^7n^^y ^ ^ ^J^^XfA^ 

4>&< l ocD-r^x^y^^y zfu vfxi 

> Ft*. 

(a) 11001KD6K* hAMtyi*ft-5a7 

> FIKJd^^ F©JWR£ . 

(b) * 4 >\,sm&*5 J ~*<DtBR 

(c) o-^Yil/Tffi«^^y-^©)B3|R<!: k 

(d) T*Xtf 

(e) WME»iP-f 

fc*j>& < <t i oofltitft^ y $ ^ a ?<Dmmt , 

5 2 ] 3^^^^ 4 v >7^>XxA&C<£ 

or, l l o o l i (7)6 tr * h^>ft yffl*WT43^ 
x^r^^y :/p * ^p-t^ >^n*7> F^ntfT 

p-*$<fc^ Y £ -Y smW*?J - **JIHR-r 

£4> io(Df^xfa77'y ^f-^ ^**^T*^ia 

[fS^l 5 3 ] ^< 1 OCD-r^X^^T^^r 
y^P-y^P— 7 s ^>^^>F^IEtgL/, 3^tc^^ 

^^^^r^^ty ^p ?^P-f^>^v> f«, 

llOOllOSt? h^Wt'Jfi*Wt53V>F» 

[fS^Sl 5 4] 3^C7C^7^ ^ ^^X^X^A^Cj: 
-?t&It^fc^, W<ifclo^37>F$ 
^^S/c^CD^P^X^&oT, 
^< <h^> loop- F^^X^^Til/^^T vZf7— 
^Unv> F^rMt^^f^^^ ^P- Ff 
^x^^r^i/^ ? ^-r->^;i/33v> f«, 
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I 10000<D6fcT* h/WtyflSrt-Ti^VFa 

otffl-r^fc^©, 'J>te< locD3t^3v> F£ 
4>&< <!b& lo<py*y 

4>&< loop - Ff ^X^aT^f ^7^f- 10 

I I oooo©6t''> h^>r^uffi*w-rs=iv>Ka 

JWFF^-Jl'Fi, 

[fMSSl 56] 3:&7C^:7^ * ^^X^A&Cfc 

4>&< <bfc loCDtt — Fr^-X^r^^r ? 20 
^f-^37> F£ll?TT£fc#0^n4zXr&o 
t\ jfyfan— f^^^-aT^* 
>Ftt, 

(a) 1 1 00 00©6t'^ h'W^';{f£WT£>:nv 
> FHBlFF-:? ^ -Jl/ FCDMmt . 

(b) f-^KOO-fccfc^W-fVf'^X^M 

(c) %4)\sll^4Zs*rv5*t. 

(d) ^f^7' (a) - (c) ©4>tt <<!:«>— 
J**)^<0 J ?&tta.Tfo?9Tv7¥~ , 7f\'<0 30 

[»3R3B1 57] 1 1 0 0 0 0©ffl©6tr^ h^W^ 

•;fi*»t53-7> FfflsiiT-7 -/ F*«-rs, 
< & i OOP- Ft-^^tjw v y'T-^fr 

nv> F^rHtfT^/ce56cD3^7C^-7^ ^ ^X^Xf 

1 1 0 0 0 0<Di@CD6 t'* h>'^^^ , ;fil^:W'r^^'7> 
FWMT-7 *~;UF*J!^T*^****T^*'J*K 

40 

im^mi s 8 ] 3^^^^ ^ v zxzsx^Mcm 

i^Sett«M*T*^r. 4>&< ifc l ocdp- Ff^* 
^T;u^y :/;unvi/F*fiEttU so 



W9-3 2575 9 
50 

- Ff^X^^T^^ ^7^r-^?> F«. 

11000 ocD6t^ hsm-vrnz^-fz^^^Fffi 

Sff-7-f-^Fi* 

fr^ii**?-^* 8 **;*^ latino 

5 9 ] ^XjtVvV w * ^XS/^fAia 
110111*611101 l<E>ffiHrt0 6 

[mm i6o] mn/jMRs? F*$cfco*raii* 
/h ^ ^ > ^ ^ y - 3? coiisn u '<)i<$:&&'T & x ^ * ? 

[8»3»B1 6 1 ] 3^tc^^ ^ ^XVXfAfcj: 
ot®I*r^/c^, 4>&< <t& 1 oco^^nv> F£ 
feJT^/c&OyXfAtfeot, ^>XfA« 4 
4>&< t& loco^P-fe ^lfi, 
4>&< 1 oo^^'Ji, 

4>&< 1 -k* KDferzv> F££/St~£/c#>CDiiuia 

H5fHfenv>F^, 
110 11 1#>6 1110 1 1CDKHCD6 b*-y h^-Y^ 

16 2] »«/JMBl»7 * FfeJc^Hae 

tC^i?, »«3H1 6 1 ^IS|g(D^XT-A 0 
[fSSc^l 6 3 ] 3^^^y a v ^Xi/XfAJCfc 
C^r. 'J>te< t& 1 -fe^ h<Dfen^> F£jS5R-T£fc#> 

(a) 1 1 0 1 1 1*6 1 1 1 0 1 l<Dmm<D6 h 
^Wt'Jfi*f«37> FBISB^^ Y<Dffi3R 
t. 

(b) ^fA7^-^S^i, 

(c) mm*^yj-z<DMmt. 

(d) iHR^A^-rf-jrOJWRi, 

(e) TJly TM+^'yJ-Zoifmit. 

( f ) v 7 ( a ) - < e ) ©4>tt < i fe— SPCCS^ 

y'u^^ 0 

mam 1 6 4 ] mn/JMR97 ^ F^^^wa^ 
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[89*3B 16 5] 110 111*6111011 Offi 
110 11 1*6 1110 1 1<DS5B<D6 fcf* h^V^ 

yfltwti37> FWf7 ^ ->b F*iwtr**itt 
uaR^/N- ^ y - * * j$?^-r s^a a > 

t a 7 t *wr-$ z^&t . 

HUlB 5 * - $ <D'P ft < £ fe — CC S rti, >tc A * - %> £ 

zu&Tzmfmmt, ***** ^x^a 0 

[B»3#l 16 6] ^ - A- F*«fcOTra« 

6tC*&\ lf*3ll 6 5«BSB<D^*^A 0 
[IS^l 6 7 ] 3X5t?^7 4 v fXisXTAlcm 
l^B«l*c*ot, SSK«K*W5l>ft < <t fe 1 * 

* hOfer3v> FiffittU Ftt, 20 
1 1 0 1 1 1*6 1 1 1 0 1 101106 t'y b^Jj- 

V fi^rW-r ^ 33 v> 4 F i . 

[IIMbl 16 8] 4 -to F*» J:eflKUk 

/j^ ^ > :/ a ^ y - # coiifln u ^i/*E«r ©* 5 

6fc«t*. R^ll 6 7fcEtt®Ett*Ktt. 
[M*ai69] *I>tt< ife 1-fe* h©:/y :/ 30 

jkt#:3^> f ^f"*^***. 3;xtu^-7 

7-/ ^^x^Xf-AtcJ:oTjBffi-rs/c8?)<D^>ft< ife 

T\ i^:/y5?W ^«fTS=»^>FO:, 
1 0 1 1 1 0 0 6 tr» F/<-f^U«** , rS=JV>F« 
WP7-/-JUF4, 

^y ^nffft^-^-^i* 

[»*3117 0] 3^7€^^y 4 V fXisTsTMCk 40 

4>ft< io©y*yi, 

4>ft< ife 1-te* h07*V 5 -r -y ^Htf#^v> F*# 

* £ fcftOOTB^o -fe ^ <t fulfil * y KigMS 
R4. «nE^y$?-/^«ff*3^>F», 

10111 o<z>6tr* h/<-f^y«*»r*3-7>F« 
Wf-y 4 Ft* 

^■;$f^ ^ftff*^^^-*i. so 
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:/y ^^**fffir^->f-*i, t/* 

[»3RS1 7 1 ] 3 #55^? -f ^^X->^f*AtC*5 

^r, 4>ft< itit? F<D^y ^f*Y^ntf#^v> 
FM , TI./c^7 , at^"C$»ot, ^K^y^-r^ 
^Htf^^-7> F«. 

(a) loinooeev FAVtyi4f-r537 

> FWHFF:? -y -A FOSWii, 

(b) :/y 5?w:/3!?T*'^y-*©»JR<t k 

(c) ^y 5^^^Jl/^#Mf#^^^-^©lBiRA 

(d) ^f7^(a)-(c) <D4>ft< fe— «&cS-3t,> 
fc4>ft < t fc 1 ^(Dlli^O^i, 

[ff^l 7 2] 10111 0CD6 t? h^-f ^yffi 
**r*nv>FWWT-7-f-Jl/F**T*. ^>ft<i 

i o i i i o<D6tr* FAVtyi^ftS3-7>Fa 

[»3RS1 7 3] *ft<44ltj hO^ysf^ 
HfT*=i^> F*Et8L, 3^Ctc^^^ ^ > ^^^f 

nv> FB, 

10111 0(7)6 tr^ F^-/^y«**rr4=iv>F» 

SffF-^-f-JbFi, 

7*y >f-{ ^Jitft^^y-^t, 

[»W©#MftttW] 
[0 00 1] 

ac5c-c^-juF* j e^Wfc , rfir, ^MnJffift»^ 

So 

[0 0 0 2 ] [*»M©W*te«feC«»] AIB©ffl«* 
«H:H««c<fc0«I»S*i5. WBfc, H«ftH?fcflL6 

it**. Ctl6©S*l6tlftC^-><D^T*J, AXB 

6<DH»*tt«ft*i^*ift*'r. Sfctt, tr^T—^ 
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[0 003] ff^X>£-7^>y > !->X*rA:te<fc 
^-F'JxTSiKiWK:, -*&c2#7cr«frfE<* 

[0 004] 3 ^ ^^XfAlt «*Wtc2 

vZztizmteZo 3W?y 4 vf &rc 
r^-^Fj «3#7Eaifflr«s*i4. co^xf 20 

[0005] a^tcfeffioT, w^SEtt, §D6n^ 

«£'jr^ft3Diffi«, Witt*. Mf«, *j<tDP» 

[0 0 0 6 ] CCfcH^StiTl^iS^^ HK14S63D 
^77Y^WfAlt +7>&t^©£>£«:3X 
tti^fAJC^ot, #F1ftfcttr&<^»©^-A 
>>W-HC S sRB»6LC*3D«7-^F©rt8BCc3*BT-5 

> 3 >, $m&#yy 4 ? ?x-c$>2> 0 ctip><D± 
hr«*S£ft£ 0 

♦ ffifiB»^^^A©«3^*HS3S;3 D^7oW 

• firs* h^x^ACDfc^^y-A^>^*5j:c>*ffe^>^ 
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iSa a n K^xU^^*5<i:o*3D^^^ 4 v V ' x*mm~? 

£ v V"?y 4 ^^fiy^)v^mt^-f 4^m^wm 
• ^toisv^f Asi^fflR AM^ftvxmm-? 

2>Ct 

•CUSS jfe&n 

- v^ars- Fi2»3SKco- FT**^? ? * 
-FSrSflT* 

•W^P3- F# r^-hROMj i*N*©*fT«: <fc 9 
cz- F3ft£C<t 

. ^-JxmvVnvcVvy 4 y 2X®ffito&V*-T4 
X <r AOffeO^i ©Hie ^>^7.^^ &^7L2>tc&> 

CC % **ft=IV> FfcJ;^»7*^7-; h*^/B£ft 

iB^^-F^C> , 1f^^;uS2lij^-F^« L/% ^ 

[0008] [pmftmmmonmtemm] hi», * 
*9jk:»£ brty-AvxfA 5 o (ommm^Lx 

C0Hi»b'f^y-A^f A5 
>K^-;VF3>hP^ 7 56 (*4mif6©^— If A 
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[0009] tom&m-ciz* Atsttsggs 

rtgU^SIKO^ffl^^y (ROM) ^^76* 

ASBt^«5 4 h^P^ h6 4CCjfA^ 

Ccj:*), tff s *y-AK«SgjB5 4rt©RBX0»ffl^'=e 

»j7 6^ ^ >r ^ f 5 2 ^comT-Mmcm^mc 

[0 0 10] r^DiMM^y j **:/7 6tt, *SJ£ 
«*!E«bTl>S. hf7 s *y-AlBtt«S5 4rtOSBX 

y- ACflBKK 5 4 ftOSeHK 0»^-t^'^76 20 

Af EttSBB 5 4 ftCDSSBX Df»^'J?^76 

1^4. ^<jsij©y-A*"rs^«e>cc« % trf**y-Ai/ 

B54*^>f>a-9 MD? F6 4iC^U&tf>«<i: 
<, C*UC<fcg tf s *y~AiBlf««5 4ft©K»("3# 
ffly*'J^^76 < *5<fc O'ffi ScCDffe©@5S<DfBtS^S 
bdSftS) tf* ^^>a^.yh5 2^Cgi?n^ C 30 

U b'S«« 5 8 b , ^*©ff*S4t £ C <b 

[ooi i] my-A^fA5 oiCcto trf^y 

^CitCcfcO, y-f>JL^9 h 5 2^7-fl/^» 40 

6 o±tca7nsti^ia«*$osi*r-s*>©'c*D, — # 

ot«, ^>a~* h5 2£#^~7"Ut:§ft^5 8 
i<0^^>fffl(C k rRFSHSj iC*5a-5r h£3*> 

r) ^ >f >ar. 7 h 5 2 0^^^^-?^ t 50 
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[0012] 3.-if y a >^ vh52 znmicm 
^t^ci^^n^ ccommz. mmmmmcom 

[00 13]Xfc v ^-1f«, A>Kn>ha-756 
a v 5 6 b?:^>f >a^.^ h(D7n> h^'*;^ 2±C0 
*fJtv-r^n*^^8 0K&gS-r£ e A>K3>hp-7 

ft* ^ -j *&2>mtfb<D^> h P-;l>8 6 4«;tTl> 
&<> #ftX Y * ^8 6 5*. WU*. fUeiI6 0±tC 

-r©y-A*pJtBCcr-5^:«>Cc. 4ojw^>a^^ 

[0014] ^cc ol— tf», a^asu^fc^tr^ 
y- AS:«ttLri»* tf^*y-AS«K«5 4 zmiR 

U *Otf7 s *y-AlB«ia5 4*y^>^y KO 
*o h 6 4tcJ¥A-T^> (Cft&c<J:0 v ^y>FH58S 
«7 0 tJ <tCJWai-4i 7 ^8* 7 4 , Ml* 9 

imm* »; 7 6 £y ^ h (Dm-mmtwm- 

>iJi^ F 5 2 CCA^fc-^iLT, b'fty-AO^U^ 

*#TC<b^iO, y-A*SH*63ti4 0 M^U/cct^ 
CC, 9*8 6*t»flPi-4CiK:J:r) % r^^- 

> 3 ^ ^ ^^fbtfi 6 0 ±*»fc*#ffiK: 

4 0 tf-r^y-AfBtt^g5 4rtCCiBttSn/c«FS©tf 

>hp-;u8 4, seiia^^ncca;^****^* 

4o :x-if#, y-A<D^U>r*B^*- h U/cC^^ 
CCtt % -a-1f«, U-fey FsK^>90Srffrci^r# 

[0015] [3D^^y->j»»©j|««] tff^y 

CCD7-iU FrtOff*oa*>6^r-5 J: ^tC, 7^t> 
^ )Vm.7n $> -5 ^ « 3 ytTC t 1 ;^ Wfg5KtC V 
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A5 0[J V y-A3> f-P-^8 6frh<DVT)l'd?'{ A 

fflOAftj ©ajStlLt^ y-A^lW-H*. 
F*fi*c«fc**r**. »BSC«:yr^*-f 

[0 0 1 6)82 (a)-H3 (f.)tt, ef*y-A 10 
^fA5 0^ f UfcTS»B5 8(D®Di±CCilJ 

liCi*6, B2 (a) -S3 ( f ) tiaitS^nt 
t'ft^A^fASOtt C*l6<£>^&£ 

£ e ®c 4 ef*y-AS/XfA5 0tt, y-A3> h 
P-^8 6©»flWCj£gLT\ Ctl6©l«*'J7;^ 

fiBtnarc<h3&«r*s. 20 

[0Q17]i2 (a) -03 ( f ) <D&*\*. _fr<Dll 

«WBtt (0*0. fc. co^^flW&tttcj: 

tTCHS. b'fty-AyXfA5 0«, SKOKlCfi 

[0 0 1 8] 02 (a) -02 (c) *5<tCfH3 (f ) 

l> 0 efty-A^^fA 5 0 B»r*5iBga< 
KCft6<D3&&>6©B (*$<fc0^tl6(Dra<D®) 

wcw^^fty-A7'Mt^, 40 

[0 0 1 9 ] 02 (d) fcJ:Ol2 (e) temDJ 
^Ltl^o t'fty-A^fA5 0(t Hj£**5 

^cDSutc ra^j tsi5«:*4u fro rjEnowR 
£1*5, 3D7-^F«W8«©A») 

Sbr, jtRSCccyriWdr-f Arch6©H*»4'r 50 
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€>o 02 (d) tt % *»«cyr^ttH«*«>3lB-rft:» 
3PbT>^Sn*il>9 rf^^ a 77-;h*>^j 
[0 02 0] [ tf-r^y-A^XT-ACD^XU^ h p 

Kii, J W >:/a-te ^-y* 1 0 0 ^ya-fe^i^200 

<L, **<fc CM Y 3 0 0 ££WLTl>&C<t£^ 

Lti^o ^-/>^n-fe^*y- 1 0 o«, 3>hp^75 
6«:<feo#^.6nfcA*ccs^r, e^*y-Agaii 

0 03^6f#^:#^te<fca c 3v>FK:*-^c^ 

jWfpr *©cc-iwai(i«*satt"r * y r & 

0, froy -Or/p-fe** 1 0 OfcJc^n^n-fe^if 2 
oo<br*fflstir^5. ccomfm-ciz, *4^>**z 
•;3OO^©^t07^^^^ nT/p-kyif 2 0 0£ 

[0 02 1 ] C^iMm ^ -f>^n-bsriM 0 0 

te\ y >^a-fe^-y* 1 0 0 in^a-fe^if2 0 0 t<o 
moimm^x 1 0 2cc<t^ . r3^-p-fe^-y-2 0 0^ 

nt^lOO^ 3 7 , a-fe^200<bb*f^^A 
SEttiSB5 4 iomoBrkDjM^* 1 0 4 tr 

Y>7*P«fe^1f 10 0«, t'fty-A7'ay7A?:A 
XI 0 6^C<fcO t*f r ^>r-AiEti^a5 4^6y 
^y 3 0 0(Cat'-tt, acCC3^CH2!y-y-2 0 0*5<t 
0^*1 0 2. 1 0 64/Mt. ^ ^W^r'j 3 0 ort 

©b'ft^A7'n^7Atc7^t^rt^ 0 
[0 022 ] y^>7'D-fe-ytl00«, n^'p-fe^if 

2 0 o^M^-r^#^*jg^^^>32^> F©y* h£ 

C©Sa6WCfcl\ 3^-;t2 0 0 
»; 3 D ^77 ^ ^ ^XfcJ;^f^^;l/t-f ^ t^rffl 

STC) $:(iiri^. n^p-fe^tf2 0 0{£. a'xi 
0 2 4Mty >f>:/P-fe*tn 0 0&tJ;9^;i6nfc 

t2 0 0tt, y>f>y^y3 0 0^oy^/dibft 
y- At 5 4 ccistt ?n/c^7^^xf- 

[0 02 3]@4», C<DmS&M?te, P^P-fe^-y*2 
0 0^, i#^Pt^4 0 0toJ:^yD-fe-^5 
0 0£H&Tl>£C<h4^UTt>£ o ft^^d-fe ^-y*4 
0 0«, ^f r ^y-AiB^g5 4^6«*&$n^> rv 



59 

U fcf 5 8 ±«c«5*r 9 ffl-rwaWB^ 

if-^n-fe^iM 0 OfcitfftS^n-fe* 
f5 00^ S9ffltc«6ff-rS^, 0 0 

■fe *U*5 0 0 4Klr*i. fa#:7ci-fe*U- 40 Ote<J: 10 
^^•;1f5 0 0tt t «lC^>f Z^P-fe^tf 1 0 

0 J: D -fe * 5 0 0 3&J*fT -C £ * «£#6*5 <fc o* 

[0 0 2 4] jjjt^P^yg 

• 3 D*» 

. ^-^n*fe^lf<Dnv> Flfc£ 20 

♦ :/U> F 

[0 02 5]@5«, CCDSSfeWICDtf^y-A^Xf- 30 

2 0 0, Is***) 3 o o&c<£DHtT£ft££ 

AiE«S81 5 4 CC «fc 0 6n/c A :/P y ^ 

AiUffury-AOMJisfT^ (^0^120), 
cn»7^^-v 3 >^ ^7 , D^^t2 0ori 

^^Wtffi^v^FB, ^a^l 2 2, 1 2 40 
4, fc<t»12 6 <Cft6#*»* 3^*?1f200 

kj:o^tS*i*> cc<fco^ffi^n^ 0 c ©satire 
a. fiw^ooB, 3 onmit 

-Yfw>y«ffl*SSff It (^O^l 2 2) % «5*:/ 
P-fe >1f 5 0 0^<D?zry 4 v ^XiS37> F£5££ 
*^^P-fey*y-5 0 0«. ^7 7 * * #X<DZfV 

T*t<!:lcj:tK HOC, cn 50 
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2 6) . *S^P*y*5 0 CO«iffl**»CCffli 

*cc. mn fi#ss7J rp^ (^^-xueonj^ 

<MBSR) J (DiiS'Ctf^o ftSWo-fe?* 5 0 OH ^E- 
CD®^tti^^r^^>^^V 3 0 0fo<D7U-A^yy y 
Gcgt&fr (^n>^ l 2 8) . C07l/-A;^7 T 

^K^rlBtt-r^o 3^Pt 2 0 Ort<DEfl(D[pISgte, 
CO^U-A^^7r^6tS«*^ffi0, CM*7 

* 1 30) „ 

[0.02 6] ft#^a-fe^1f40 0», £tcri>Z)l* 

^6A*3tiyt§83-7> (:/P**12 
4) . M-^^P-fe^tf 40 0«. f^iul/ar-fw *ffl 

^>f>y^y300it c ©WStttfc*— BSWfc r ^ ? 
?r (oStJEtt) J (:/P ^ i 3 2) „ rr^'p 
•fe*if2 0 0ft<Dj&(DMmZ. J <4>j<*:0 3 0 0&t> 
C<DA*-,77$n/cfif-^%S*Rf), cn^rii 
^-'T-f *ft*f (^7 u U^2Efc^0^5 L ^>^;l/) CC^ 

rbb7f-*62a 4 6 2bJCii0S4« 
(zfUy>? 1 3 4) o 

[0 02 7 ] *7-fUt5ft«58B, «#3 0&& 

i^i6 ot&oDifGOiffl^^-r^o r7i/-A3 

{CJS*>1*\ CftCC<£*K ^^>^>;h52^7U-A 

U-A»ffi**i^Sfci&K:, n^p-fe^if 2 0 0U. 
«#l/3 0*4C*« 1/6 0C0»fLl^iB«*«H)fflS 
fei£tt6ttl>. n^P-fey-^2 0 OH 7*UfcfHi®6 0 

[0028] [^ft^fAoufpiHeu, tr^y 

H7B, ^77^^^i4T5/c«)iCbff*^A 
^rA 5 0 0 »t ?WiXf * ^or^ 
6o CCD^Jfe^r^, y>f>7'at^l0 0^ *A 
>j**V 3 OOtCfBteStl/ct^+^-A^P^^A 1 

0 8 (— (HCC, C(Df^y-Ay*P^^A 

1 0 855, ttfe<!:bf?*y-AKti«a5 4K:t»W3 
ftTfcD, CCDt'^^-Aiati^gS 4^6^ 

>^p i o 8^^fT^c ifcissLr (*$<fc#y 

yp-fe ^lflOO^, 3 > If 2 0 0^(D3*7> F 

©yxF 1 1 O^rlrJOtBT 

«i5 8^6R*W^) (H7^P^120a). 
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CCDUX b 1 1 0«, — MK:ZjBSCD:3V> pft^-C 
( 1 ) ^77^ ^^37>F 

(2) t-f^3-7>F 
2 0 0^fS o 

[0 0 2 9 ] ^77^^X37>F©yXMJ k 37* 10 

Piz 0 0^fUtH6 o±&c^-r&&<£>£$y 
8©#ef^ r7i/-Aj B$HKc*fLT\ SfLi^^u 

[0 0 3 0 ] C<bmMfflV\Z. * 1 0 0 

±Ky* h*^^* 1 ; 3 0 OKSBttU ^5C3 
^O-b 2 0 0CC*©ffiffifl[a**P6-!*4CiCCj: 20 
0, ^7'P^^2 0 0^IS/B4'JXH10?:fi 

h 1 1 0TS^n/c^7 7^ f 5 -/* 
£ <£ 3 ft * £T © 5 s - * «rtMfl L r 

^ ^ ^^ocfcO^-T^-y ^f*— 1 1 2 

£ e ^ * ^fc^tftf—r ^ sf-r-*^-:* 1 1 2 

^6i0ffii*ci^r^a o hi 10 30 

X^-Z^-X 1 1 2<D£<D$$fr&{&m'*'<£fr*&j£- 
T£„ -rf-f >:/P-fe vtf 1 0 0», m#^*n-t2y1f4 0 

o# r7O03-F (oao, s-^^cuz^if^* 

[0 0 3 1 ] fi-st^p-fe^iM o o« % y^>7*ot^ 
tlOO^eiS/BS'MH 10^19 (0 
7, ^P^122a), CCD U * b ^ffiltS (i&S 
KlSDT, f-^-Xl 1 2rtCD^JcDr f -^CCT^"fe 40 
Xta) (07, ^D^122b). S-s^cHz*-* 

4oo«, rooaEam*. og^^n-fe^s o 

F 1 1 2 i (H7, ^P^122c) 4 y -f>y^:»; 
3 0 QftttC—m^T&tcitoCD*-?^ 1 
Ui^tf^o fi^/P-fevtM 0 Ott. 
6 2 cctoT^-^-f ^iW^rSfceOtcS-riiWOJ: 

:a:/pfc9lf2 0 0©81©g|^«. ^^^r^n/c^- 50 
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[0 03 2 ]f^7*n-fe^40 0[t =i^n-fev1f2 
0 OCDrtSB^X^UT^^^ ^ 9 ^g|7j^v> F 1 1 
2*afif«^P-fev*5 OOJCfltt&r*. 
TK^n-fe^lf (HTjvtf-T) K<fc£tfc*©/c«>K:, eft 6 
0^77 -y sr ^^7^n-7> f*-* *f 3 0 OICW 

cn6©^77^^i^37>Kl 12lt 

$ n fc**ttcc <t o r #j£ $ ft w»ra*ratt* « < 
( ru>^i;>^-r^j > ci^T'p-b^soo 

CCft^TS (07, 7*P^126a), fbn 
7^^^5 0 0(1 cn6©^77r^i^37> 
Fl 1 2fc*-3lrvr*L = *4l^»J©B (^ft 

v>Fl 1 2«c<fcO#SS*ifc<fc5K\ 

0ff»*Ci#r»4. ^^T'n-fe^lOO^ m 
m^u^zv^r 5 0 0$cJ:£T^*<D/c#>&c, "rf^* 

^TiE^i i 6^^^>^^»;3oo(ciEts*r€> 0 si^ 

:/n-fe*tf 5 0 Otctt^^-r^^K:, ^^>^a-fe 
^flOOit a^^cH2^*5 0 OKJcStfcsfeOfctf) 
<D^:7 a v t>m^^> Fl 12>& v y>f>^^r'J3 

0 o icm.mmz&t* c t ^ 0 

[0 0 3 3 ] ^^u-fe^lf 5 0 0«, 7"Ut + HiM6 0 

i-T€> (H7, yn^l26b). coifed* )im& 
Uil^rt'^7^7 , j ^>y^ey 

3 0 0rtCC?R5Er-S7 U-A^sr^T 1 1 8 WCE«S 
n^> 0 SS7*D-fe^5 0 0» t H«©H?f#W$8*IB 

r 1 1 8 b£^/BLfEt£T£ 0 re^^^>^^^^ 

<07jH3-r) tmttl^y'u^vV 2 0 0<D»»J(D 
aB»tt, 7U-A;^7t1184S*B*), ^CDrtS 

^7-fi/e»i5 8 cc«*&-r^ tr^^fi-^cc^ife 
A'^77i i8», ry^-^rj ^n^o 

1 i sconce r^ccoj Bi«*S#ii^, tr^^ 

>r>^^x^X7&^ L/-AA*;77 1 1 8<Dffe<D¥#£ 
[OO34]07OC V fJ&Sftfca*©*^*^ C 
"To r;W77^>J SaSttft^Eimcy^^ -f 

*>^ 0 ^-f^-f^*- F"e8feST4<tCOC4«, 
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st5, *arr*. r-fo>*^s, frosts -e 

[0035] risk:* ^ v^n-bsr* i o o, m^y 

tWt»r^^^jiifflShi. c<d* io 

Jfi«r», y-f^a-fe^n-iooB, iffc-Dt^'i 

«#:/Piz**4 0 0*J:CX^:/nH2vtf5 0 0 

ffl-C^, b'ftO^7^^2 10[t jiff 

p-fe sr*5 o o cc<t o jttf stisB«ea^^ ? * 9* 
AW^7-f>«iisn5. 20 

[0 0 3 6] [^OSa^fAT^f^^t]! 

^^t^ltL^c COBB* trt^A^^>a 

52B, y^>^D^";1flOO k 3^n-fe^1f2 0 
0, 4$<fcCM-f Ia**!/ 3 0 otcttj^r, ZVvZmtSL 
SI 36, >"J7^2>f>^7x^X138, tf-T 5 
^f^WTtP^M(DAC) 140, 

tf^f^^JU/T^P 

[0 0 3 7 ] COimmW-VtZ, ^P^*4S13 6 

gfts*p**ja«»*S3Ru j/c^d^^ 

^2 16(t * ^f££S 1 3 6 ^6 * p ^ff-Sf 40 
[0 03 8] C©IU6Wr«, y-A3>hP-758 

y-O^p-fey-^i 0 0ic«ita«:«SiBfc3tirc^ 
&t>#s. 3&>toOCc^yT;i/H2^>^7x -Yx l 3 8£ 

igi2^>^7*-r^ 1 3 8«, 46 (&4l>«56) * 

*6A*S*i*^"-ITJUf s -jr«**'? t ^?' 50 
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t/U^XU C©?*-**^©:?*--^ y FT, 

p-fe^if 2 oo*/hbry-f>:/p-fe*iJ-i o ofc#& 
ccDHjffe^r«, ^ , j7;vaa-/>^7x^xi3 

p-fe^Ul 0 0CCJ:01^Sftfc^yTil/flMB*3S«'r 

[0039] c©ii*wrtt. isVT)immj>zy* 

^^13 8tt, ^SO^^^^Jl/^P^^AP- F ( I 
PL) 3- r h ROMj SHMIMM 

*y 1 5 0 fcfltl^c T^-hROMj 15 0fttC 
l!dM£tltcC<D I P L 3— Fits *4 >:/P-te*1f 1 0 

o a* Aeitsss 54rt©>f^>t ^ 

pWa**i 0 8a©3SfT*H*&r*SJ:5te«fc 

«>CC, X*- hBf^<tf^/*yfcttyH2^ FBSCC-rf^:/ 

p-fey-y-i oocc<fc^t:3iff3*i5 t'p^^i 

60a, 160b#I) o ^^tW-A^P^7A 
t&^l 0 8a«, *te-*-f >^P-fe»-!*l 0 0£$« 

y-f>y*y 3 o oir^-fex^-s^tCi^Btt f 

^^^*J<t"^3>Fp-^*8H8{fcu (H9, 7X2*9 
160c, 16 0 d#K5) , *fc. ^-f>^P*»1f 1 

oo*j<t^3^p-fe^*y*2 o o&c<fcDHff Lffiffl-rsfc 
#>cc, fcr^y-A^p^^Afect^-^icfcOiSii 
©^>y*y 3 o ofcnfcf--r* (^9, :/p**i 

6 0 e, 1 6 0 f\ 160 g#J*S) . 
[0 04 0] C<DHJ6«|r«, isVTfrmi&<t> 

$7*-f^l38tt 4 tT^y- ABBESS 4 rtOBB 
ilO-fer+^ tjf A-fV^zy^ l 5 2 (Wttf, /,hS0*v 

-f ^p^p-fe-^if) iasTs*fe** y-f--/ ^p-b^if 
£ (msmm) a co-fe+^y-r^^p-fe^if i 52© 

*f (-^fc'7 r ^y-AlEttKg5 4F^CC$>0, ffi^« 
y-f>ai 9 F52fl(C*5) tt. *"TOSftfciEttSlB 
^tfty-Ay^>a^ 9 F5 2i*CCffifflr# 

JH4. 7 9 9. 6 3 5#*#JRL COHiSMrB, ->y 
T;Ujgi22-f>3?7 x -fx 1 3 8rtcD-fe + ^ yf>/7*a-fe 

[0 04 1 ]H8(t tffty-A^>f>a^^h5 2 
1 5 4*^lvT^4o COmfeWTtt, C 
©r3***15 4«, t7 f *y-AEtS6a5 4©^y 

> fibISSSS7 oo*<D«a«j^7 4 is^-r-s (■ 1 
2 o o£iattiigROM7 6fcn$mtcmm?z. m 

iC v 3*^*1 548, 8Btt»«©Ett««* s! r*y^ 
^ T'p-feylM 52^^>a- 9 K3DVyT;l/JS2-/ 
>^7x>f^l38^n o «fSOH*6«TB, a 
* 9 9 1 5 4 tt, iCC»ii*^oI(|RBt 0 ^ffl^ * y 7 



(34) 

65 

Sip*?- tZ&. 

2»o tf f 5 * V - ASfl» 5 4* 6f» ««R» i 4 C & 
[0 042]i8(t rj^n-fe 2fif2 0 OO^-tv * 

Si-r4 0 -£€>/c#>, 3^n-fe »1f 2 0 OOf^dUl/lH 
oi^JVDAC 1 4 4tC<t0*?f3*l4. DAC14 

-f* 4 xm-^zu^b-fz*-^ j *mm& 1 4 2 tc <t 

■3*H3*lS. VDAC14 4©7tP^f*(B* 20 

3-#146tt. Wit« TRGBJ A^<t^*«^tr^ 
*HJ*«cSBft , r*. *-f^«SSl 42<Difig3ti 
Ufb^-f^ tHl^ttrtx>3-^l 4 6© 

[0043]@8^Tcfc ; 5fC, ^>f>y^y300 
CPU^l 0 8 bOigStfcff t^-A^a^7 

A^iEtrr&o cn6©cpuft«io8btt, «s» 
^f r *y-Aiatiaia5 4*63b*-sti4. consfe 30 

«OCPU10 0», EflaBIROM7B*60**t 

ROM7 e^^^-A^P^A/f-^ 10 8a 
^♦feX-T4 (H9, 7*a^l60e 4 1 6 0 f # 

m) . -*-f >^D"f2 1 0 0(t »*L< fct, MfcHfr 40 
[0044]^8«, ef^^Ald^I5 4^ ^ 

g(o^y-A©^77 ^ ^^*jj:cx*»*«»-r* 
£ 0 y^>^n-fe>if i o o« % sfiaccjB&T^f^y 

1 1 2 a£Ss^HX9 , cn^r-^^f^^?^7f 
1 16, t§f-^l 12 b, fe«fctf a v 9 50 
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1 1 2 c©JBStC. -rf-f >y*y 3 OOKfBtS 
t^o COgSBSWTCtt, gt^EHz^if 5 0 0 5*, -£<D 
rt^C^CCjSDr^^^^^T^-^ 1 1 6#nf- 

[0 04 5] t'ft^AieSgI5 4tt, rar/P-fe* 

P^7AoJ0 rvOpa^Fj {i k tTf****— 
tB»«5 4Kl<fcr>«l&3tl*. W^w-K156 
« k b*r r ^y-AIStt^5 4^J:0-^x6n€>or, 
Sft &ettKKt£ntt *v-f*nn-F^*.4C±#T 

tctt. *4 ^zfv-kypl 0 0G£, (I#:/P-fe * 

55>*-*>f W*rU 3 0 OtCnfcT-U £/c, {f-Sf^P-fe 
*1f4 0 0fci:, iftgCCfSOTW ^P3- F<Dffi©»» 

ccr^-fex-r^o a-^/n-feyU- 4 0 Ote, ff-^y'u-fe 

*-?4 0 0p^COY>^ F7^> 3 >y^U 4 0 2<DW 
^7Pr3- F£HfT?S. SP7>f ^pn-F 1 5 6«, 
ft^'n^ *1f<Dfta$>f>;* h^^>'3>y^y 40 2 

■fe*1f4 0 O^lJCD^X^^rHtfr^^^^iC-r^/c 

&k S^^vopp- F©as#», y^>^^6U3 0 
0;fc6F*39$-Y>X h7^^ 3 >^^';40 2&CP- F£ 
nSCi^i^n^. Wttf* SP70P3-F 
l 5 6 cd— y?y j v 2 xwmcotcibm^y'v-te 
vV4 0 FS*K — SPv^nn-Fl 

5 6 <Df60gP7>«, *-7W XmmCDtctbm^U-te v 
mcp-Fi*n&o ccgatwtit ft-^^n-fe 
OPn- FRAM4 0 2 (fc<fctfB8 

y ^>^n-fe^1f 1 0 0<D7 FUX^^Cv ^fc->^^ 

iSrrr. a- Fi&^*jJ:?y»*ii*^K:j£crRAM 

[0 04 6] [^-/>^n-fev1f 1 0 0] CCDSIJSWc 

v»^>7 u > • fc'i— (Mo untain Vie 
w ) (DM IPS Technologies. Inc. 
XtWtlttZ tltcM I P S R4300 RISC 
n:/p-fe*1J"C*£ 0 CCDR4 3 0 0^a*fey1f«, S 

1 6KBO^>^F7^^3>tt'r>a, 8KB 
07>{fA'^^^ttr>a, fciCflEfflTFUX 

FU*ftfMI<D3 2x> h UTLB^rWf 
tf^^y h?:litc^ 0 y^>^n-fe^if 1 0 0 5i, 
3 2 b^ FT FUXtC<fctl*-*^- FtCPUft* 
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10 8£SS*tT£ o 6 4tr* b<Dmk»mz. c<o*~ 

Frfl6fflr#S^ tttg*«XCC-rS«:63:3 2fcT* F<D 
P¥aL*Bfl«#S*Ll>. -rf-f^r/n-fe** l 0 0&tot,> 
T<DCft«±©«*fcoi>Ttt* WAtt, He i n r i 

ch, M I PSv-r^n^CJ-fe v9-R4 0 0 Oa-f- 
(MIPS Technologies. 

Inc. 1 9 94. »2)K) *#IB3tiyt^. 

[0 04 7] S-O-fu-bvU'l 0 0«. ^Xl 0 2£ 
/hLrn^cH2^1f2 0 0iilM"r-S o ckdhsswc 
tt, 1 0 2fcl\ ^r^ltt3 2 fcf ? F S y s ADM 10 

y^>^6ttJ&£ftTl>£ 0 mfj$<DHe inrich 

[0 04 8] fie*©R43 0 0y-f>^i3-fey1f». 6 

•b&» (nmi > zvx-hvx ccommmx 

C06o©;w K»>xTf9ii^A^;0^%©3A* 20 
(INTO, I NT 1 *$<tCJfI NT2 ) C<Dl^<D 

#-?x?m&& (nmi) <DAt)£ic£-z>x. tr^y 

<Z)SUiA^ I NTOtJ. n^n-i2^tf2 0 0&j*J>?U 
0, ^ ^>:/nH2*1f<DSIi&# I NT 1« % b'^^y- 

MINT2*J<f:0'NMnt Jl/JS2-f ^ 30 

^13 8#-*-f>:7ci-fe?-frl 0 0^*119 iA£fC<t£ 

ffi-C (flliLK* TOU^^^iot, a senate 

^UTJl/S2-<>^7x>rx 1 3 8a»6©NMI«fi£# 
A^Jtt, ^X^-C£& (o£*K ^^>^P-fe^1f 1 0 

[0 0 49] y>T>^P*fe 7*9* 1 0 0«, CPU-37* 

3^p-fe^1f2 0 0«, ^t'j7-;f>^i 

3 0 0, ISt£§Sg#- h V ?S/ROM7 6, isVT)W3 
m<{>57 *J X 1 3 8|^CD 1"^- FROMJ 150 
(*5cfcO^> , ;T^2^>^^x-Y^ 1 3 8 0ffeCD35 

•fe >>1fRAM4 0 2*Stf) ^J^^fcf^y-A^Xr* 50 
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A 5 0©ffiOSU»«:T FUW^^CT^ 
[0 0 5 0 ] COHJ6«T?«, y ^>^H-fe 1 0 0 

Al 0 8«Ut^ o CO-jafcWrtt. ^to r^> 

y-A (^^^«ftfeOT^i;dr-->3>) » % I^Sg 
ffiot, ^$mWlCteV2>JJ>3~~y F5 2«, 

4t(DV7 h^xr^^^y-AfEtiSg 
[0 0 5 1 ] tft^A^O^A 1 0 8(Dg{J#£g 

?>H7, F^-i^\ F^ Y 

utevVl OOte, ^5fc*£CDR I SC^D-fe^1t/n> 
f;*-£"C£>£<DT. W^j:V7h , )i77-+f 

7A108 4a^U^OV7 F ^xrs^r^tfT^ 

[0 0 5 2 ] y-f>:/CHz*tM o ocdt fu^sh© 

^ta r^ijv^j ©saiflw*. hi o&cjssn 

Tl>£ 0 S 1 0CC^:$tiri^J;^(C v ^-f>^^rV3 
0 0tJ, CCDH5fe^r«2 0<D/^>^ (^^>^0*5<fcC^ 

^>^i) (c»«stiri^. y-r>^^»;3 

0 0P^(D#^CD^CDU^^^3 0 7 n^U-fe^lf 
2 0 OfaOXsV^Ztm^C^ J J>7'X2-t 1 0 0 
07Fl/Xa(C7^f>^nS o COSHfeffll-Ctt, 
^^y^t^lOOit t'fW-A7n^7A 1 

0 8(D©JfflJTr, n^n-fe^lf 2 0 0<D&V7'7Vv? 

[o o 5 3 ] h i oic^snn^cfc^tc, tf^y- 

fts^-r^tcwur) 2oo r««j cc^asnn^ 
Cti6© r^jgj « % ^^>^n-fe >if l o Ocdt 

yr;ujg22^>^^x-<x i 3 sco^ti^tico^ (o 

^ D . P I F^- FROM 1 5 0, PIFa'>,7 7 RA 

1 0 oor Fu^raccv^ b^^stirc^. 

[00 5 4] [i^^>y^V300] CCOHSS^O 

^-r>^-=ey 3 0 o«, ^u^^^xriKi, -^>^> 

•Ifa-ORambus Inc. *^A#t^^RD 
RAM^^t^ 7^7>^A7^-fexy^y^6ffiot 
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ram (Miil 2 3 MB) rfflflrT^sr* 

[0055] >-fw*'j3oo», ccommmx^ 

<ot f u*aiH (H i o#m) £t§{tt-r3o io 

• jtJ>7K2<te»,Vfit&l 0 8 

•f^P^^^^qn- F156 

• It^y * F^? a F 1 10a 

• W£yxF*-rw:*:3v>F 110b 

1 1 2 c 

• ^HM^^ — Az^^y 118a 

• Jiff (Z)^77rll8b 
•WS^-^ 112b 

• ■< XttitJ'* y 7 r 1 1 4 20 

• ay'a^z vV~<D7 — ^fil 

[0 05 6 ] 7X^^ + t>i^>XrA(c k :>>^;b 
T F U*^HM* y T-^r*^^ ^^r^ffl-T ^^fcJ: 
ZfX&te* ae>ntl^ Fo 1 eyffe. " n 

>t^-3?-^77^^X(DSieiir 17 7-1 
78H(lg2Ji£ Add i s on-We s 1 ey 19 
9 0) - Cti^, ^<©tf?*y-A (*5<fc 

&ib<Dtf'y7<t y^yO ^y^AtDT-^y 7 ?-*^ 30 

^y-AS/^f A5 o^co^so^iW'r? 

[0 05 7 ] V^fAlIFI©f-^ifW#ftSn 
&<> —gtf s -*ifiji't>j**:V 3 ootccit3*i&&. 

1 0 OfcACfa^O-fe^lf 2 0 OPKD&V'T'T'V v ? 
tt. *ft^^>*f-A(Dy -/>y j &>; 3 0 OCCT^-fe* 

MRtcj:0«ffl3n*^^>^*i;3 0 0l3:. g«fS8<D 

[ 0 0 5 8 ] flj&tf. *4 >zfKJ*>vV 1 0 OifiM 4ls 
M U 3 0 0 rttCSBtt "J X h 1 10lt fm^7' 50 
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p-fe^-y*) #y ^>^*ijrtccEtaLfe*^3v>F 

<h#r££ e y -Y>^P-fe^1f 1 0 0C7)»7-^>^T r - 
& e *JlsS*V3 0 0<D±X<Dm^X<D&m*. T7* 

^u+i/e'jf^^As. -^-^atifira. yw>^* 
y 3 00ft(?)ffiE<D<hc3&tfBtrr^ y-f^*V3 

0 OCDSP^-^3 T^'J^yaXD^D^ 

~ls#<Dtc&>l<Cj^%\,±7\s-K^v7 r£:gg*U — 

— > 3 >«, y^>^^rU 3 0 0CDfBtt^SCD^<^^ 
Dl^fty-A^P^AlOSil S&426*«rj|3H 

-rf*y»Sr«:j:or«liKStittc^ 
ort^cfati^tiTi^cDr, ^n^wity ^>^p^ 

>1f 1 0 0 *iJ:i>l©^f ASItCctO 7 ^-fe^tt 
aOBttl^. ^^>^P-fe^tfl 0 0«, feL^ 

safctf, 7I/-a;<97t i i 8rt(D-en-encDSi^ 

ZlMMTZ-teZ-CZZo ^^P-te^-y-5 0 OWtt 
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7"A<D^&£9Wt<*:£^ ^>y^ey 3 0 o^cor^-fe 
« % (9 tr* Hi) ^loet^irr^ 

2 4 OMHz^-^t) -fZCtlCjz^xm 
mZtiZ* 7 s -*** Slf^SJRK:, -*-f> io 

[0 06 3] [at/p-fe 2 0 0] H8i2> ar/d-fe 
y*20 0ft ft#:/cHz9-F4 OOfeJ;^^^ 
5 0 OCCBD^LT. »03&XDS3R*i^tC^Cit 

sows, JKT<ogSir&£o 

• CPIM>£:7 W.X2 0 2 

• ^yr;w>^7x-r^2 o 4 

• A^u;l/Hffl^>^^*-/^2 0 6 20 

• tf-f W*2 0 8 

• \£ J f*4*>*7 * 1 0 

• y-f>^*y<DDRAM3> h u-"? / A 

12 

• y^>-/>j?7x>f^U2 1 4 

• j?^$>^P^2 1 6 

[0064101 n^i3-fey*2 0 0©<fcOi*I 30 
Ci?:SUl^ 0 «T», a^d-fe** 2 0 0©C^ 

•$/^CH2?t5 0 0lt 7 1/ — A^*;7y 1 1 8 40 

• 37'O-fe^t^y7^>f>^7x>f^2 04[i, CCD 

P-fe»>f200 tW-Y>^7x^^^A^o 
. a:/u^9i^\-^UJl,H2>f >£:7:c-f *2 0 6ii, 

•t-f^^>^7x^X2 0 8(t ^^>y^ i ;3 50 
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oo^-f^^'^T i i 4a>e>f»«*K#<t 

0, ^*l£:t-fw tDAC 1 4 0&CtH7rT£o 

• a^n^^tr^*-^*:? 1 0« v ^>r> 
jrf^ey 3 0 0\*3<D7 l/-A^«>7 7 1 1 8 afr£tt&R£ 

^n^rbr^^DAC 1 4 4^CtB^-T^o 
•CPU-f>^7*^^2 02lt ^Y>:/a-fe?m 
0 0, 3^0-fesr*2 0 0, 4d J: ^b'ft^'-AyXf 
A 5 0©3S0©gB»©H<Dy- F^^„ 

♦ DRAM3>hP-7/^>^7x^X2 1 2&i, C 
M^Ut^^Pt 2 0 0 (*J<feCX-^^>^n-fe^ 

if l 0 0) #y-f»*y 3 0 otcr^-fex-r^iissr 
-r>^-7 ^^^2 i 2«, y>r>^u-fe^ 

M^^n-fe^lf 4 0 0, 4s ? -9*5 0 

0, t^r^^? WX2 1 0, *^>£:7 

x>(X2 04, 20 6&C*tLT, y^>y^rU3 00^ 

[0 06 5 ] commffl-etz, fi#^n-fe >1f 4 0 0 
tt, HU^Y>X h^^>3>^y 4 0 2, 
^ry4 0 4, X^^&S^-^ h 4 1 0. te^O'^ h 
;*I^^F4 2 0^in^ o ^>^F7^>3 
W^U4 0 2« k ^^7®l^^h4 10fc<J:^/ 
h^jjila^^ F4 2 0CC<fcS»f<Z);te«>K: 

^^7«la^.^ F4 1 Ofc^^^h^Mla^. 

•r-**ffi«LTt,>£. i^P-b^4 0 0(t CCD 
SQfe09*C&3:, ^>XF7^^ 3 >^'J402^6(D^ 
❖*Ett**fFr4**, ^U^h^^y7^-bX (DM 

a)^c^cj:d, ^ >r>y^y 3 o o^r ^izxT-s, 

[0 0 6 6 ] COggJSWrtt, ^7jffla-?F4 1 
0«. MIPS R4 0 0 0©A*-fe? hW-fe^ h 

h^^^aW^t'M 0 2F*i6D^^^nn - RC<£D^ 
3ES4i4taflafai**ffT6^:«>K:«fflSti*. 'S* h 

8o©l 6tr * htf»53R3&>6«liESnri^. h 
«I^^h42 0« k ^tc^^r? ^ ? h y 9 

[0 06 7]^7*P-b^5 00it COHS&WT 
H\ ^H«<D f 5 ^ £ ;l/^^:tf frti: & 9 v V -y y >? X 

^*40 o*s<ta c /*fc«^-f>^o-fe^if i o otc<fc 

502CC»DAr > ^X^^^1f5 04, f"^X^^T^L 
^^F50 6, *7-P>vWt50 8, ^U>^5 1 
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0, *5<fc ^>^7x^5 1 2*«*T(,>S. 

UPlKitt, 7**^>f1f 5 0 4«, *^Hffi6 0±(D<5f 

F5 0 6tt, f^X^^r^^'J 5 0 2F*9CClBtt£ 
n/cf^X^a7"7^7^, ^X^^lf 5 04tC±0 
»^n/c^ 'J s -f 9 5^g5»c <fc 0 titer 

8&, TZ***T<D&t9*7y 4 %T4?1tC 10 

10^ f#6ft/cIB^<!:? l/-AA?77 1 18F*9<£>iIi 
^ (y\s-^v-3 yfoCOmm*. Jf) 4>*7 *4 

i 2^itr^w$n-s) i^7 j i/>K^ z 
>;5 0 2^o-F/3t*-u mfcZi&iEis (mm? v 

T) > ^OT^SM**^***^-*'* 1 ; 5 0 2j&>6 20 
7I/-AA?7 7 1 1 8^nb*--r^<bC^^O^- 
K^IltC^o ^^t'HV^^x^S 1 2fri, ^-Y 

[0 06 8] ^my'u-tevVS 0 0GS, 

[0 06 9 ] a^ytH2?D'5 0 0JB<D:nv> F U X F 

rx^*j 2 l «#^ r n-fe^if'4 o 

X2 18lt ^7'a-fe^5 0 0&C<fc£#M<D/c#> 
K:, ^7 4 v ^*^av> FSrfl-^n-fe^if-rf-* 
y 4 0 4 6*7^13 -fe 9 If 5 0 0F*9©nv> 

S. L*U C<DllteWr«, «#:/cH2 * U*4 0 0 ** 40 

•fe ^ if- 5 o occfla&racifert^. 

[0 0 7 0 ] «SWci-fevlJ- 5 0 0fcfc, rtS&T^.X7^ 
r^^'J 5 0 2&CP- FU F<D/ctf>CC? U-A 

7rll8B*R*KD, Z^^rfci^b^ 

1»7Fux£JB^ry^>y* r ;3 ooitT^-fex-r so 
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£0 

[0 0 7 1 ] [:a:/nis*lJrt«/<*r~*^***] 
H12B, 3^DH2y1f^2 1 4(D»fiS©3IS6«*^ 

3 2 FT FU* ( TC j ) 1 4C*5cfctf6 4 

tf* Ft 1 -* ( TDJ ) >*X2 1 4D«otl^„ 
Ctl6^U2 14C, 2 14DSJ, M^'n-fe 9* 4 
00, ^n^u-fe 5 0 0, CPUY>^7x>fX2 
02, tf-ir^ t^>^7x-{X2 0 8, tff 5 *^* 
7x>fX2 10, 5";7iW>£:7* 4*2 0 4, -rC^ 

u;W^2^>*:7* -f*2 0 6, fccfct>v^>^y 
(RAM) ^>^7x>fX2 1 2®*ft-€ p *l&C«tt3h 

ti^c 0 1 2&CT^-r<j:5&t, y-f>^o^7ifioo 

2 0 0<D&1f7zfUv rt§i5n^u 
t>>f;a2 14C, 2 14D, :fo<££>V >^^'j Y 
^-r^/rj> Fn-^2 1 2 a/2 1 2b^/M 

jisji^v 300 <h3im*r^>o 

[0 0 7 2 ] COHlMttt, y>f>^'J>f>^7x 
>fV^>hP-72 12a/2 12b(t 9t^^F>7 
^ FV>f>y*'J^l7 Fl/Vf-^^ 1 0 6^ 
LTffifrT£/ctf>CC, n7 , P-fe'^7FU^>'U2 14 
C±JC3in^y >f >^*'J7 h'U^9 fcf? F»7-f F? 
*-^F&C^&U ^y^>^t'j;^10 6®9 

^'X2 1 4 D <D 6 4 fcT ? F *7 -f hi 
©SE»*fT5. COHiWltlt DRAM3>ha-7 
/^>^?7x>fX2 12(t gptLTRamb u 

s Inc. (c<t0««3ti*fi£*ORAM=i>Fn- 
72 12b (il2#I) *«*Tl>S. 9 tT> FrflCD 
y 4 W^r'j/U 1 0 6(Dfi^3CCcfcD, 3^Pi2?f2 

[0 07 3] CCDHife^r^, &^ZfU*zvV2 0 0CD 
^CDIf^^n > !*acc^^>y^»; 3 0 0^7 
FUXL/T^H2XT^C<t^oIfflCcT-S, KiiCD^^ U 
^ F^^r»;r^-feX (DMA) 0K*WL/rc^ o 

^>^I/^P-fe^1fDMAIlB4 5 4, ft^d-te 
9* DMAIHSS5 1 8, ^--t''/^^ >3?7x^XDM 
A0SS12OO, t'f^>f>^7xYXDMA[pI!S9 0 
0, J/'J7;W>*7*-fXDMAiBl 3 00, fcofc 
W^^UiUjaiZl-Y>^7*-f^DMA@Bl 4 0 0<D*: 

^7Fl/X;U2 14C±^7Fl/X4ML, * 
n^n-fe^ifT FU^U2 1 4 D*iftLXT-Z 

zmm-rzctzaimicrz (Etc, ^^cnz^^s 

00«, 7U-A^^7y 1 18fccfc!>r^X^ A 7f 
1 1 6CCT^"b^f ZtttblC. m<DJ*V4>*y 
x 9 5 1 2?rWtTliS) . 

[0074]§37 # O-fe^2 0 0<DU* y ^tt, 

aejcy -r>y*y 3 ootcr^-fe^^-^ci^T't^ 

C©H««r«, -£ft£«ftffi^X2 1 4C, 2 1 
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^p-fe^-tf 2 0 ora, ^n^i^2i4^i^ 

•fey if 2 O OOif^^n^ ?lc£ 
^cC^^Ur ^-fe*SIg£g>MCU ^O, 

[OOTSlilE^f^^c, n^P-fe^if 2 0 0 
©Slf^^Py CPUH r >£:?:«i>f*202£;ft 

tM/^X^407, g|^:/P-tey1f U^*£5 0 7, * 

>>X£ 1 3 07, U;W^2^>£:7 W^U^X* 
20 6, RAM^>^7^^XL/^^ 1 0 07 a, 20 
J:^RAM3>ho-7l/^^1 0 07 b[t -ett-e 
fry >f >:7*P-fey1f 1 0 OCDT F U^P^C^y fc:>^ 
£ft& 0 -rf-O^P-fevtM 0 Ofct, P:7*P-feytf2 0 

ty-A^CI^A 1 0 8<D*WT"T?> Cft6<DS*<D 

[0 07 6] [{f-^P-feylM 0 0 ] m 1 3&£. CCD 
SSffiWlOfi^^P*fe 0 0<DT-lr7'Z>?- + *i>'D 

4 0 0IJ, XJj"?^.^ 7F410, \~)1>zl^ »j h 4 
20, ^>XF7^^ 3 >^^'J402, fcitff*-* 

^^41 0«, M I PS 4 0 0 OtSMHz* hOtf^-fe 
y F£Htr<r£3 2 tr^ MBR^nHz^lfr** (MI 

PS40 0 0O7- + f^^t©Tt, X*7l^-;F 

4 1 00 rep 1 j n7'n-fe^iir£i$nrci 

S) 0 h;^^ h420^ 8o©l 6 t'y h-fe 
[0 07 7]^^h;^^h420H 8*fCD16fc* 

ZZ> 0 fi#^n-fe *tf*4 00^, «f&c rffl 

©fnj vhy^m fn^a7»; 

[0 0 7 8 ] fi-5fyp-fe*-tr 4 0 Ote, >f>^h7^^> 
S/>»WP*ff5ft:«>«C % R I SC ( 'Jfa-^ • -Y>X 50 
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^ffflbti^. coiQfcWrra:, SHf^yFtt, 

7s A 3 4*ftLXJ>7 h7^^3>y^'j40 2&CT 
Fl/^t^^(Cfffi^n^7^Ci^7A*')>^4 3 2 

^<i^rc^ 0 c cogger m-^p-fe 4 0 0 
K<to»fsns^^*t©#w £tv>*F^ 
a >^ y 4 0 2 rt^cfe^^ nri^ c i^^i ^ 

*a£#. 7 , n^7A*')>$4 3 2^ >f>^F7^^> 
3>^^'J40 2rt©4^P;W h*^BI/cW*r^ 

tx^^ 0 nif^^4 3ott m&mf2tix\,> 

£o ffl*««aPM^4 3(5tt, ff-^^P-fe 9H-40 OCDffe 

teJKJ^tt£*l£o -X#^:x^y F4 1 OteJrtf^ h 
h420tt, Cft6©*0aifl#4 3 6&C<fcoT 
$W£*l£o 09*.fc£* 7t>=7^~v h4 10lt ^X4 

3 8^/Mrf-^^^ , J4 0 4fcrKl/X^ P-F 
/tatt^P 7^44 O^^L/TT^-^^^y 4 04^ 

h^rtfc^ f#6nfctta8tH^*^4 4 2*^ur, n 

?T^~ 9 h 4 3 0 &C^x.£ e ^tf^^ ^h430tt C 

L^HtfL, »«Jtc (&©) 7Fl/^*f«^P^7 
A^7^>^4 3 2?:>f>^h7^^3» ; e'J4 0 2{C 
P-F-T^o X*7^-;F4 10» 4 £©<fc5&<fcS 

[0 0 7 9 ] f F430it gBUM IPS R 

4 0 0 0*MH2* FWot, *P^, MSlfci^U 

h^r^f-r^,, 11 4 (a) 
l/^^7t-?f F45 0 0— SUSWi^U * 
/c, ^CDcfc5tCfi^yp«fe y-tf- 4 0 0^ % CCDb^X^ 
^^^--v-y h^C^rf-^^*V4 0 4rt(D3o 
©1 2 8 tf* FV- F4 5 2^T^-fe^-r^^^: 

^Itl^o l^^^7^-7^F45 0^ 6tf 
5f HBffi3-F7-f-Jl/F4 5 0 (a), 5tTyhV- 
^U^X^Si$fJT-4 5 0 (b) , 5fc^y b 
{V-X/V&c) U^X^Ji$0T-4 5 0 (c). 5 tr^ 
Ftf5feU^X^^S$lJ^4 5 0 (d), fcdcOV^y^^ 
7^-;bF450 (e) ^flTC^o ^'^^-^^^ 
-;bF4 5 0 (e)lt FS*$J:Cf/*fcttlMB* 
HCCtftffi3-F7^-Jl/K4 5 0 (a)tt, 

(b) , 4 50 (c) , *J<fcCX4 5 0 (d) (D-en-etl 
W\ f-^y* , J40 4Wo^->3>^U * 

i 2 8 tr^ hi§^jgST^ 0 

[0 08 0] 014 (b) CCTnSftTl^icfcSK:, 
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h;b^t^^ F4 2 1 2 8 tr 9 FBtD-fcti-eft* 8 

OCD 1 6 fcf 9 M©a^>-^>^ibtaC\ 1 6 t* 

4 2 0<DmmZ. iMttJM IPS R 4 0 0 0l&4Hz v 

[008 1 ]X*7a-?h4 10tt, 3 21<Dl/^ 
l^X£fct 3 2 b * Mir£>£ e X*7a-«^4 1 

4 1 4?:WLTl^o l/^X^77^M 1 2te, MI 

ps R4 o o or-^^i^ecfcOsa^n&flUB 

hftO^£S#HX£ 0 7 s - 4 1 4*2, 
^/fd^^{»^> >f>Xh7^^3»^»J402^ 

KSfrfpr*,, 20 
C0 08 2]^^h^a-^h420B. 8ffi©U^ 
^7 7 ^K22 (0) -422 (7) . fcJ:0'8iO 
>(tj£f-^^4 2 3 (0) -4 2 3 (7) £WLTC> 

£ 0 f-^^x4 2 3(t ^f-i-em 6 b** bmw^. 

£ (4 8 b? h^im, tf-rw *7 ^££^£fc<D* 

*:/fcjS^£tL g/c, i e try h*ie«_h^s*-r^ 
«^^) 0 p^x^y T>f;b4 2 2cD-en-en^ x 30 

3 21KD3 2 fcf* h»a©U^^*W0rc^4. 128 
If? Ffi©7 s --£' , *;*4 4 4«, |>4 2 

0*P~ FVia«:/P**4 4 0te«JBiU £fc£IJ<Dl 
2 8 M§<Dt : --£>'^4 4 6te v n-F/ffitf^d 
^44 0^f-^^^y40 4}c8l1-^o r-ZJ 
^y40 4(t 40 9 6 (4KB) fS^rfBtSL, S-fg 
tt, 128t?Kir*-5. f-^t'M0 4rt©B 
tf^Z bJl^-v h 4 2 0t,Cj:&1^<Dtc&>t,C&mZtl 
2>mt, ttl\Z%~i(D 1 6 tr* h-k£^> Yfc*~>47s 
£ft& 0 S-fe^y> MS. h^^x— ^ h 42 0F*J<D 40 
M<D\slsA$yr<{)l'4 2 2 &cj£6ft£ (§14 (b) 
#M) . B14 (c) It ^ bJV3-~v h42 OICJ: 

ar.^420^ f-^y^ey 4 0 4f^rr Fuxfg 

2<D-en-en^, ?*-*^yrc#&&£ft5sr&ci 2 
8tr* h»tc«i*3ti4i etr* hitt* (01 4 

(a)#Ig). Sfc. o-hVBtt^P^44 0», 
x-^^^UrtcDl 2 8 e * hi§<D5^ 1 6 tr 9 Ftf:/ 
88*. JM©U$/**:7y-f Jl/4 2 2^, ttc&ffl<Dlsi> 50 
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^^77-{;H2 2^yt^l>Xr7y>yv;^7' 

tt, >f>^F7^V3>y*y4 0 2*^(7)^i^ 
C>T»1RT#*. HHHtC, P — F/fEtfT'P 7^44 0 
te, f-^^^'J4 0 8±XiJ?^~v H4 1 OicDP^ 
TSttSIf JXCD^-Za-v F aVK 1 

6tT^h^-7B. *4l>tt3 2 tf* FB) £{±#tt£ 

AlsT. b^fisB >^^r»; 4 0 2ft<Dfa^Cj:-oX 
&mx*2> 0 m*.li* Heinrich, MIPS R 

4 0 0 0 v^^u^'n-fe^if • :x--tf-X • v^^TJU 
(92 JS- 1 9 94) 8C*5»4 Whj, \ ^-VV 

— Fj. r«7-Kj. r^— FU7Fj, ry-F^Y 
Fj (Dn- Ftei^StSoSBiSi^oCio 
[0083] «#^n-fe^1f4 0 Ott. DMA3> F P 

-745 4te<fcCK3PU©Jt»U^**4 5 6*rWL,Tl> 
DMA3>hP-7454lt ^:/P^^rtgB>^ 
X2 14^cSc^$n. -/>XF7^^ 3 W«ty402 
tf/ *Wif->^'J4 0 4^f-$ SrK^T & 
/ctf>&C. $^J>f>Xb7^^3>^^y4 02fcctO' 
/*/c«f-^y^«J40 4^6f-^^I?tl^ 
«>0Cfi»B3ftS. 05*«, DMA^>hP-7454 

v^^D^-F^a-JH 56^>>f>^^'J3 
0 O^^fi^P-fe *1t^>X F^^>'3>^^»;4 0 
2CC3t-r#S. DMA3> F D-74 5 4&£, *fc 
7*- 4 0 4 >y*y 3 0 0 £ (DP^TfSSg 

^K^-r^/c^iC^ffiffl^n^o DMA3>ho^ 7 4 

5 4«. SSfT^L-v F43 0*cJ:»)*^Sh. ^4 3 
8**H/T*27^:x~* hf-^^4 1 4J&>e>DMA 
7Fl/Xfcj:^f-^tii^W^ DMA P >fP 
-7454«, £fcCPUWJ®U^X*4 5 6*:frLT 

^ -o^o-by* i o ofcjio^snSo cpuw 

U^X3?4 5 6«, ^-Y>7'P-fe*1f 1 0 0CDT FUX 
^ra&cv^bv^sti, MIPS rcP0j**7*- 

* F4 3 0&C<£9T^-fe*£ft£o 
[00841 H15 (d)-H16 (1)B, CPUSO 

wutsxzi 5 6<Dmnm*7jkLxi,>?> 0 mis (<n 

—015 (h) tC^StifcU^^^«, DMA3> F P 

- ~> 4 5 4 **fJ!SP*J cfc ^ /c ttKta-T £ /e&K: ffiffl $ 

[0 08 5] 015 (d) Kl^£ft/tSP-D 

RAM DMA7Fl/Xl/^^458(t ^^>7*P 
•fe^if 1 0 0 (SPmfra-v F43 0iEI«) CCJ:0 
**ii**i*4CittK*«6ti, $fc>f^F7^> 3 
4 0 2^>-5CHS7 r -^y^eV 4 0 4rtCD^^- 
FDMA7FU^^f^^c®ffl3ti^ 015 

(e) {CSSnfcSPy*'jDMA7KU^46 0», 
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y Yw^ey 3 o ortcDx^- fdmat fu**W5£ 

T£/t&fc:<§OT;*ft£«> HI 5 ( f ) *$<tCKHl 5 
(fir) CC^SnytR^ffiOfeiC^Si&^DMAfiSU 

yx>462 l 4 6 4tt -e-n-enfi^n-tz^iM o 

«>tcffiffl3tii^#3^K:i£i;rft«>6Jh4 0 HI 5 
(h)-315 ( i ) tc^SftfcDMA«HBU^**4 
66, 4 6 8«, ^n^tlDMA3> hP-7454^ 10 

[0 0 8 6 ] H 1 6 ( j ) CPU«lfSPU^^4 5 
6rt©iSPtt«U^*4 7 0*S%bri»4. SPtf 
BU^^4 7 0IJ, y-Y >:/P-feyfrl 0 0CCJ:9» 
*i&*tlfc«FiCSP«IiaiU^dfiL/T:fffflL (HI 6 

( j ) focp bH) , *4ls7VL*>v*)r\ 0 0KJ:9B» 
K6ftfcB#{cS Ptfc«*SS*TS (H 1 6 ( j ) *(DT 

H) . «Bu^xjr4Lr«IS*i*:»«:» SPttBu 
yx>4 7 0tt l SP*Hf±Sn4* (7-f-;i/K4 7 20 

I) , SP*sK^- FTBM¥LTC»S*» (:7-f-A> 
F472) , DMA3>hn-74 5 4^tfi>- (7 * 
-;VF4 7 4) foZmtyjl (7^iVK475) r& 

SP l/O&yfrV&Zfr (7^-^K47 
6), SP>&^>>y;u^T*^^-Fri!j^UTC^^ 

(7^^F4 7 7) , SP*^u>f >7^-/>htcfiJ^ 
rt> (7^^F4 7 8) v &<fctf SP**fi*<£>V:7 

h^xro«KanF't?se-c#s«^<ozHJB rm#j 47 30 
9*f6£Ofc&\ *y -f>:/p-fe*if 1 0 occfcne-e 

So 1 0 0«, l/^^4 7 0Kf* 

iM?C£CtcfcO, m^y'v-tyVAO 0&{9±$>2>WZ 
^^^M (7-f-*;bK4 8 0, 481), 

^>h^-F£^yru (7^-;vK482) , 

^-F£^VT&£l>«-k> H (?^-;UF48 
3, 484), f 7*^- F ^ ^ 'j 7 * l> ^ 

(7^;l/F485, 4 8 6) , :/U^# 
-Oh*r- FT«9i&**£MJT*4l»tt-fe* Fb (7 
^Jl/F4 8 7 k 4 8 8) , te<fcO**I*<£> V 7 h >)X7 40 

48 9, 4 9 0) C<fc#TS*. 

[0 0 8 7 ] HI 6 (k) B, y >f >:/P-fe*tM 0 0 
if^P-fz *1J*4 0 0 i<D^cO?/lffliimo/c^0C, 

T-fe^^^j £LTffiffi3ftS80<Z>SPU^X*4 9 1 
^Ltt^ 0 SP U^*£4 9 US, ^^>7 p nt^ 
-tM 00#U^***»#KSIftfcfe* FU U^** 

n-fe^if4 00«, co^^^fc-fey b$>z>i,H*? »;r 
r£& 0 so 
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[0 0 8 8 ] HI 6 ( 1 ) fi» SP^t'JOB I S 
Ttt»W^)f4 9 2*ml>tM. BlSm®!/^ 
X£492te, y^>:/Pfc*-!M 0 0fc<fc9»#i&* 

na«F»B i sTWiau^^iL/TfiEflisn (Hi 6 

(1)*©±HK ZtcJ -O^UiZy'V' 1 OOJCiO 
R#ffi6*i4B$fc:B I STKl^t (H 1 6 ( 1 ) * 
£>TH) o 7 , n^7A^>^4 3 2tt g/c, 
^n-fe9*iooccj:or»*ii*ti, *lt»*»6 

*£4 5 6 5C-7 5f fcf >^^tl^o 
[0 089] [fi#^Ci^^1f<Dv^^P3-F] m-Sf 

AKt8SS15 4&C<fc9#*6ftft:SPW *P=i- F 1 
5 6&c£oT&£& 0 c©HSfi«r«, SPv^p^ 
-F15 6«, ^7o^feJ:W'-f^jfflI 

ffic^lti^7'dt 4 0 0 tCjzKimftZti&J A 

>^x^«, ^y^Foi^o, 3D8M5PS*£»<fc 
Tifflt^^^77 ^ 9 ^xg^7> F©»^*a 

003- F 1 5 6(D*(ffSPTr. KT©^77^^ 

♦sun*;;* hwbki 

• J: WAT 4*^9 

• ^ y is # 
•^^^P-fe v> FCD-fe * h 7 ^ 7' 
- :?p-©JSj 

fif^a-fei?t4 0 0tt, t-f^^m^fc 

•^^>^^y^f^^>;77l 14^<D, 

[0090] [^X^yxh] ^^>^P-b 1 o o 

9, ffi£&T^£^£m^:/Piz^4 0 0&c£n£>-t* 
So fif^Ot 4 0 0±**4"7^^D3- F 1 5 

f 100 (*5<fcO't:7 r ^y-A|B^g5 4(C < fcD«*& 
^t'fty-A7'a^7A 108) ft-^'P-fe 
yU" 4 0 OtCDZZZZX^isa-V^PLtifUzm-tZ 

Sfc*&C^£<mc^g£rW£P:3- F 1 5 6CD;l/-^ 
>teoUT©#^>££^<&, M#:/P-fe?U-4 0 0# 

^^^■fe^n-iooB, efty-A^p^Ai 



(42) 

81 

[OO91]017», ***y* F 2 5 0©— 5B8609 

&Lk<om7jkVX Ffc<fctf/£fcfcH?*y* h 1 1 0£# 
M-TSo CCD^tSUX hfccfcOV^/c&iS^y^ h 1 1 

si»;xh«, giowfty* h4*<fctf/s 

t^>o mm* mi itcfFZtitcmTjkvx mo 
( i ) w\ ffio^ yxn io ( 2 ) ^ 
^yxhiio (2)«. c©y^ h*n?fT&fc«){c 

^i^n^y^^ ^ vV*r-% 1 1 2*#«r4. IsJ 
SK, H17^nfcfft'JXH 10 (4) It f 20 
m?-Z 1 1 2 b£#S8T£o 
[0 09 2] ^77^^X7^y-^ 3 >(CKLT 

7i/-ASicfM^yxh i i ooy&fttctt 
y*y 3 o ortccsm*Biffi'C#*. ^;m?7 7|b 

9 tr^te, h 2 5 0ft(D-k^> F 

Wtttfffi^FMH t*5* y X h fcfflS&T £ C £ CC <fc 0 , 30 

5^>H*. K«c«WWtt^*y«ffl©fc»«:, -ft 
[OO93]018^ 0 0CC«fc9»r 

ui^^f yx Kotea^^m-ffcAcc. y-r>^n 
•fe 9-9*1 o o(c<to^fsn4«iffl©3issffii**Lri* 

xh^>f>^^y 3 00WcP-F^ (:/P9^6 
0 1). y-O^P-fe^^l OOtt, SWcSPtOBUS* 
^^47 0^»*i&**s<fcV/*fc6i*C^e>K*ffi4 40 
CiCcJ:0, fl^:/P-fe9lf 4 0 0£fPitT£ 
ttfi-* ^ p Hz ^ IWffih ^ti/cCi *«ffi-r 4 fc»0c ^ 
(:/P 9^6 0 2) . #CK:* y-f>^n-fe 
9lM 0 0 (t SPDMAl/^^458, 4 6 0, 4 
6 2 F*S?*-^*«# 
:/PHZ9-9*<D-{>* h7^ % >a>^ : ty 4 0 2 CC P — F 
(^P^604, B18) 0 SsfyJu-t 
7tl0 0(fc yp^6 0 1fcJ:()u-F3n^^ 

* (a^) y* Kz)y-f>y*y30 0rt©7Fi/^ 

£ N ff#^p-fe^-9©7 s -dry*y4 0 4CcEtS'r4 50 
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(^0^60 6, il8) fl 

It ^C^#^U-fe ^1f(D^'P^^A^ I i7>^4 3 2€: 

y-fe? m (^D^eo 8, us), a/cm#^n 
■fe^-9-4 0 o*^^- hrayt«>6c. en* s passu 

y^>4 7 0tc**iitf (yp^610 v 118), 

y* F y 3 o o#>6f*-£^^r y 4 0 4&c 

So 

[0094] ^^^yxh%{f^rc^M-^^n-fe9"9 

OO^BfLl^^^y^hSr^ita©*^. 
y>f>7'at^ioo« 4 S-tf^^U-AtCO^T 

< ©W^fc , * X ^ y ^ h CD— t>V£ fctt Z 
TsWsW- S«^*5<fc fcfc*IS£ y * F /c 

Wtt. n^(c7u-AS(cf<fr^o ^-r>y^ey3 0 

0ft£>£X^y X F^SItfHt r^^.;7 7 J 2*1 

Tfc*^ -eo/c^^^o^'n-fe^-y-i oo« 4 

?r -;frfl^:/P-k 9*940 0«, ffjcrv* 

9-7T^6^gXSC<L^-C#^ 0 ^©t'f^7 A 
(DSrf^c, y -/>:7p-fe9*9* 1 0 Ott. >££^lgl/ 
t\ fl#:/p-fe- 9*94 0 OCcirLl^^^^T^cDT^-fe 

[0 09 5 ] ft^P-k 9-9*4 OO^^X^'JX h^^l 

^>^^y 3 0 0^6SUOSP^^^Pn- F 1 5 6^=6 

^©DMA7 7 ^yf^4 5 4^r<SgMLr, ^fSO 

y402tCD-FU, ^?^^y^ KC<fcoT#5£$;h,ft: 
^77 ^ 9 ^n-7> F*HtfT*. Eiatc, fi-^^P-fe 
9*940 0«, t-f -rrtl^ODn- K;l/-^> 

^oMo^77^ 9^x*jj:a f /^/c^^-7 =r 

ft^^p-fe 9*9*40 0«, ^fJcD^>C^^>^^^y -/ 

o-t-^^u-Y^P- Fir#s©^ y >y«rfE* 

4 0 2# v SP7Y*P3-F156<Di»tEI6T6 

•9*4 ooit -e<Dp*9a5-r>^ h^^e>3>y^y^6o 
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Otcv^^a^ - F£p-tw >^*5<i:tf y P-f^ > 
[0096]§19(t St7*y* F i i OKS-^rfi 

titctum-cte. i^nF 1 1 on s-rft-^p-fe* 

1f4 0 O&CtftDT, n^n-fe^lftCcfc o u>#y 

h-T£o Cft6<DJIttn W^tf, ^*-7^> 

9, ^P^612). «a%y^h i ion aac. ft 

^7 h y ^^tj<ttf»»7 h y ^xsjaits (hi 
9 , ^o^6u). — asawav h y **#S»3 
n*i, i^yxh i i on «^n-fe ooic 
^dt, :/p**6 i 4^Ccfco^g$n/c^7 :r y 
hr*-^ h y h y **cc«-3i> 

6) o i^yxh 1 1 on 

OOCC^DT, :/P > ^6 1 6KJ:»)J8SStlfcM<f: 

z/vyzs i2t,c£*)izv b interna tttcm^x. 

5 0 OCCfg^-Sy^^-/ 7^51^ (t^tf, H#Jf$) 
37>F*S4« (H19, ^P^6 18).if 
^P-fe^lMOOn *5^:/6 1 8{Cj£SLt, SI* 

7f4 0 0 3»f s -*^ J ty 4 0 4#>£lH2^-f >^y * 
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3 0 Op t 9^ISttL/cr3v> F<D7 FUX) *^-T€> 0 
[0 09 7 ]i20(i, *^y^ F 1 1 OSjUffltSfc 

awe <w*n hi 9«c^sn^jB5So«ia*3ifTr* 

P3- F 1 5 6CC<£D^t £ft£^ft^S6 2 0*^1 

rt>£ 0 m-^p-fe^iM o on ^©a^^h^v 

20, ^^6 22). C<DHSfeMO«7nyx h 

10 • M^P-fe^ifcoflittn-7> K 
^7^^*p-fe^1fnv> K 

7h'J v> F 

m*^^> f 

7P-»3 7> F 

0 0 9 8 ] &tjkVA F^7> F^{f-^^"p-fe^-y-CDJl 

tt37>Fr^^i, ft-^^P-fe^-y-4 0 on 
KfCcfcO^sn/cJc^^ft^^P^ ur-y-ojBft*^ v 

hT£ (H20, ^P^6 2 4) 0 C©||J6Wrn 
Z^vVy y>^ 

#y>^ 

0 09 9 ] [«#^PH2^-y-<D«tt3V> F] 

30 G S E TGE OME TRYMO D E : 

»1 ] 



37>F 



=J^> F 



co37>fu u>yy>y^-Y^-f>WK©** 

&<D£ r-fe-y hJ T£ 0 C<D«3»n m#^P-fe^*y*4 

G S HADE 

G L I GHT I NG 

G S HAD I NG SMOOTH 

G ZBUFFER 



z^* 9 7 T«fTW**^rtt«c-r*. 

G T E X T U R E G E N 

40 G F OG 

CC (»<^) as. 

G T E X T U R E G E N L I NEAR 

G TEXTURE GEN^-fe ? h Stt/cB*K:*£3 

^ * 7 V * Steffi njffi i ft £ o 
G L O D 

50 $ vZ?^K>zfZtitc'r>?7s**.TlcMW>l<>^)\' (LO 
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D) I©M«^Or^^^^7x>r^-F* 

G_CU L L F R ONT 

G C U L L B A C K 

[0100] G CLEARGEOMETRYMOD > 
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* E : G_SETGEOMETRYMODE<hl*IDT&£ 

[0 10 1] G_L I GHT : 
[^2] 



Z7V> K 


| /^^-^ | 


= 16 




7HV^ 





70 r 


^ h g 


7^ h b 


0x00 


^ h r 




b 


0x00 


I 70 X 


7^y 


V* h z 


0x00 



/c) }grsj14^^>€>o ^y-*«, cco^ib^^i!^ 

8l;i£^#3fcQ## (n) £1$5rr£ 0 8o<D;ftcD5*b 
^o^ffiT-<#^^T^/c^CC, G_NUM_LI 

NfHO^ ( 1-N) ^fflSn^^t^f), N 

+ i#gcD^^3fer^^)o r^y-^fj ^-ju 

Ftt> x-^-ty 4 04 + (n-1) x2CC^f#£*l 

[0102] mmmt. fe-r^fr^r, 3tb 



[ 0 1 0 3 ] }grsitt36«, ferato%36r. yts. ytb 

l^o 3fcx, T^y, 3fcz:?^-Jt/F <7fcf* MMR*W 

«!W*0 8t9h/l*) hsh-**:/^** h 

^6cD^r°I^trC^ e (G L I GHTTNG^G 

S ETGEOME TRYMO DE^7> Krffiffi^rtg 

[0104] *©«^*HStittl^»^rfe. G_NU 
M_LIGHTS37>Ftt, GLIGHT3V>F© 

[0105] G__NUM_L I GHT : 
[«3] 





37> F 


j /^y-* 1 g£ = 8 


«t^/>F| 












0x8000 


32x(l+N) 






0 x 00000000 





N=Wk»»©« (1-7) 



G_VTX37> F«Ctffl3^^"C^)^ fl 

y - jr 4>tt < £ 1 JBLh 7 JMTOttKOfcK©** 



[0106] G S E TOTH E RMODE H : 

[«4] 



r3^> K 



>7 h 



T7-F 



c©3^>k», ^u>f^>^ 7^*^T r ;> 

n-fe *lf5 0 OrtO rffeCD j FO'W "7— F4-fe 9 
Ft^o ff-sj^P-fe^lMOOtt. flMtfc-fe* F37> 



50 



«#^P*3r1f4 0 0CcJ:0IIWf3ti«WJSti*. 



(45) 



-325759 
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[0107] C<Dr3V> Fl*i<Dis7 F fcJ:<^fi2 

(((0X01 <g£) - 1 ) h) 
CO^^^lt ^^n-fey*5 0 O^t^y- Fl*3£> 
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[0108] G S ETOTHERMOD E L : G__ 

SETOTHE RMODE HiHDt?*^^ m^y' 

P*fe^1f5 0 0(D TffecDj K©o-«7— FCCffATr 

[0109] G T E XTUR E : 

[*5] 



3V>K | 


s X^r— ;i/ 











(. 1 6) <D7*-*?v Jl^nv 
***T<D* V^^XO^^^ 



JHRtt* inSu^i/ (LOD) tco^roa^u^i/* 

ffi^F-T^ (5 9 F * 7^'^) B 

[0110] G_LOOKAT_X : 
[*6] 





F 


1 * 


= 16 






















Ox 0000 0000 






0x 00000000 






X 


Y 


z 


0x00 





£^t. ao*ioitt*SB»'i-«. xYZii (7 tr? F/h 

«**r*8tfar Fff#*0/JM») 30 

[0111] G__LOOKAT__Y : G_LOOKAT 
_X <£ El D TFUXjgSStlfc-fe^-rfVFrt 
©*l0J<ZHzn , 7-- FR, ^Ot^>^ (0X0 00 000 
00) o 

[0 112] [DP3V>K^4]@2 0^#I 

^CO^tSU * F^7> Ftf^Tj^PHz >U"5 0 40 
Qlcmitc$><D-C$>2>m&lClX. fI#^P-fe *-y-4 0 0 
mtcnv> F*«5^^n-fey*{C»*iito (S2 0 
6) o ^P^6 26», H^/P-fe^ 
f3-7>F*X^2 184/Mt, S^^P-fe^lfS 

o occ#>r h^^'jT^t^-r^^ 

v> F*-*-f 3 0 0rt4V**7r KHz* FT 

[0 113] [7FU^37>F]*OS*y^F3 
v> f^v h y ^^37> Fr*4»^c«, S-sf^n so 



%H»fL (820. ^D^6 2 8) , JgBrL/cv F y 
^x£vF y^xx£ *^Kie^-r& (:/p*^63 
0) „ mi£Ltc£5ic^ C(DHMr«, fi#^P-fe^ 

imoor. i offloaa^^y >^/t^->f 
£**_b&tp-F-c£, * ^©±Sp-rmstSti (a 
oHJ&tfUr^ e-^^n-fe ?f4 0 0(t r i -ocom 

i>v f y ^xr, 14©7 f y ^xgcp- Fr#&&i> 
Knurrs**^ ^*^:*&£t>R#*:/r£fc^ 
[0114] ccommm-ete. f> 
^F'jm^^it y^>^y 3 o op*g«?;a 

fc+^&^yfcWOST, #^>*££x*yx f 2 

^XCD? -7* FR, M-^P-te*-*©'** FjLol^ 

* f 4 2 oicmmitznz. &^£»«K£ffi«-r&fc 
■r) cc®if3^re>n, Tffii 6tr* m* % /In^sp^ (o 

ly^L, CCDHJSWI^^ FiUjL^^ F4 2 0«, 16 
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h?-f FttTflttU iSS{c3 2fcr* Fffi* 

7h'jn7^7'>h (02 1 (b) 

iiur rr>;^#j r^-^j -a-rcc, i 6 

So 

[0115] Wittf. hjba^ir h4 2 0«, ^ h 
U * xff© 1 6 tr 9 F BS/hft£flF*ft 0 ^ifcfilOS * 
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s«HK:ffiflasns. coiijswrra* ^f^-^f 
4 2 0^16 tr* htrotottu Ssfcwaa rfgffigj 

^ k Cis?-9 a 400a»t32fcr?h ffiBtf&SMttCCftiB-r 

st <t£pj#g-r&o HTtt, m-^y'u^y^^hv^^ 

10 [0 116] [vh»;^xnv>Fc 

G MTX : 

[«7] 



moo mm 


inOO /J* 




mlO /J* 







afc*ccfiEffls*iS4x4^gs^F y (021 

(b)#JK) S3 12. A*TSvh»j^x 

OW MA J OR<OMV^ b y &X(D 1 6©«Rt^ 

hS15. 16©»Sr*S B AVht<D4X4vhy 

W7Kl/X7^-;l/hU y-f>y*»J 3 0 OODLES 
CDv h y ^X(D7 FU*£«J5£TSfc&teftJB3*t£ 
(fc^4ff«*S£«tt»^K:tt. G S EGMENTS 

[0 117] -f-JUFrtt, JWT©?^ 

G MTX MOD E L V I EW 

iR©iSSWWaSBft*ff 5 ©{CsSW'i S *i* **** » - 

G MTX P RO J ECT I ON 

«©^CC§WLttC>«JBv h y **<fc LTiS^fJTSo 
G MTX MUL 

G MTX L O A D 

A*^F (^f^i/tra-fcs^ttJB*?) 



G_MTX_NOPUSH 

p- F*s^«a^»fp*iitf*rsB?^«^9^^3ti 

ftti. (^^^;PhB$) 
G_MTX_PUSH 

vbV2XX$y?Omfc<D±:mZ. X*»*©±8IW 
n- FAS^ttJftteifcft^gafTSHa^^y^aSti 
£ 0 r/^ate, G_MTX_MODELVIEWtS 
30 f^tlS/cfcfC^ G MTX PROJECTIONS 

So 

[0 118] ;<7^-^©a*^4|fr5C©#- 

^pj^c-rSo ma, (g_mtx_load i g_ 

MTX_NOPUSH)^ X*?*<Z>±ff 

So (G_MTX_MUL I G_MTX__PUSH) 

40 *»crs. 

[0119] s 7 4'?4>lfiSl:&79X**7V>tftC 

[0120] G_POPMTX : 
[318] 
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I 



^7^-^7^;b K»07*S. £<DX [0121] G_V I EWPORT : 



37V K 




Mis - 16 




7 FUX 





1 













y HiR 


2^ 
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-Jl>Ftt* H^cDt'^-^- F«ii<D^ W^ey 3 0 -Ftf 
Jte&S&flteCCi*. G_SEGMENT4#MOC 20 [0 1 

i) o 

[0 122] fcf*-#-FSBIItt, IEM<tX#V->m tttt. 
n<DX*-)^1ferc$>Z> a -HH6c, tf*-#-n* % * [tti 

(SCREEN_WD/2*4, (SCREENJHT/2) * 4, G_ 



2 3 ] h y ?X(D~ o*ffil>T/h 

] 

_MAXZ, 0,/* scale*/ 



(SCREEN_WD/2*4, (SCftEEW_HT/2) * 4, 0, 0, /» translate */ 



[0 12 4] [l^[3v> F<D*fiH] 12 0£W^#Jfg 
(,vc, C©M*3^>F«cj:r>19ffi3WM^-f^-#>^ 

t»ccj:o^«aiRo^*--F3iifcnjSE*fflftiy. n 

^rf-^^^y 4 0 4fi©4 0 8 iCd- K1*^ e C<0^ 

Mfflvu. mn^vb *tf4oo \t. i6<H*-c©m^ 

*ffiJ5T£m£*'**:7 7***Tl>£. 122 (a) 
1 0 8&C+^ca5M$tl/cft^O-fe^1f4 00O 

s^tortflrajS'*? 4 o 8cs, «#^p-fe»*© 40 

ir-£^y 4 04&ciBtS3ti, y>f>^n^^l0 
0£J;0^IX6tt£o 

[0 12 5] C©HJ6W©fl#^a-fe^-y-4 0 0tt k 
& Zflf^^tW(^l 2, 3, *5^J4 

C0HJSff!©]I^^77 4O8«, 16fl 

o«, iws**©ttccii»»"r*f^bO(c, fflftsti^ 

0 8*SI0ffl'r/cJ?)JCffifflStl4 3DffpJ 50 



tf-Ftt«) ***teT**:«>K\ S^y^ H 10?: 
[ 0 1 2 6 ] m 2 2 ( b ) W\ JI/£A y 7 7 4 0 8 

it^n/c§a^^t/c^^, t^p-b^noo^ 

ftSKfrWMET* (7 -f-^F4 0 8 ( 1 ) (a) -4 
0 8(1) (h) ) o JSb&X?- (r, sr. b, a) # 
7-fWUF40 8 (l) (i) -408 ( 1 ) (1)(C 

tsatsti. m&rtxr^Tmn (s, o 

F408 ( 1 ) (m) % 40 8 ( 1) (n) KSBtJtSft 
IJSftfcfc©) tt. 7 -*-Jl/F40 8 ( 1 ) (o)-4 

osd) ( t ) cciattsti* ( i /wffl^fgffig^ 

^^hO/c^CC!I«S^y7r4 0 8{Cffif*$n^o ^ 

4 o 8ftoTmte2>m&nmfcttisxnmmztiz<D 
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*f : -^«i*4 0 8 <i)». m«> m^y'vtv* s. 

4 0 U t> MgjR (OS f) . I**i6oOI [0127] fclTtt. &o*>©*£W^£rtmi*^ i> 

*#S-r-2>/cJ6{c^ffl-C#S7^^4 08 ( 1 ) (v) h©— SUKfllr**. 

£Wl/TC>£. 7y-*F40 8 ( 1 ) (s) , 40 8 G_VTX : 

( i > ( t ) &%ffi2titcmmmz&miz. * [*io] 



37> F 


n. 


* 1 













X 


y 


z 




s 


t 


r Ztzi* m | g ny 





C(D37> F», (N + 1 ) F 7 r 1*3 20 -fe FrtOLr:? F 4 2 0 te<t^*(DSKjK:fija 

Ft^o -fe^y>h i dfeJ:^7FI/^7^;l/Fii, ^fflSJ^^II^-^^^ -f F4 0 8 

y^>^-=ey3 0 0OTFUX©3aS©VTX«JS*« (1) (a)-408 (1 ) ( h ) &Cf£tti*ft£ 0 

(3 6{Cfl|«3&ti»a:J»^tt, [0 129] [^J^fXF] i^at7f40 0 

G S E GME NT#M©Ci ) . ^1 63I^4tf^ » % Wc^'J^r^F (020, ^n^636) £ 

Fr«3iSti*Ci*RHBCcrSfc«>K:, Bj£©*n 3HtU ^»?n/cm^^->CDWWc*6^5W]«: 

>F©»©1 6ISr*tK (;W hro) VTX«BS© -f>M*U :*-A<£>tM F F^it^. § 

c©safi«r««6astia. (^-^ £<du^ F*cfl«-rsj&>) r?^ 

4>#<Dtc&><D) a*6^iiffi«^L/-Cl^p 7^;^F40 8 (v) KSBWStiS (12 2 

8b'^ HHftL»t*5. ffi«6Sx 8t'y hmt£> (b) #JB> . CJa6<D*6Stt. rnftn^^Fj CCJCE 

(7t^; F©/h») ~C&6 0 (0x7 ftt+l. SLr^U ^e>^^n^^64 6{cj:9ffifla3ti* 

0K"7 9«h 4 0X81B-1. OfCv^^Sti. * (JMT*#JS) - C©H8fi«tt, &nj&*2 V v ^UIS 
UOXOIJO. Oitv?:/£ft&) o &f£-<^ *j ?XE:^<D*C, a20^D^63 6(t 

^(x 2 + y 2 +z 2 ) ^127 *tirs^fil^fx Ft^/c^r^^ci^aa^r 
*1f40 0«. ^©*7*y>^/fcr:*-4>^F U 40 [0130] [J9JB] ^^d-fe-^lf 4 o oc*. ;fcfc:is 

^^*fflc»rm^3v>Fr»s3tiyfcw^*saftr* ivF^x^c^a^j^t^ <H2o, 

(02 0, ^P^6 3 2). Neide rife, ^638), fi^SSftOBWra, 2o©MtftiS 

>GL^oW5>y f (->y=j> • 9 ftstf*w>^#y a-A^it^cit*^ tr 

1 9 9 3 ) (Omsm ( ) a-^yWJa-Aiit F*S<fc*<D<fc5CC 

it, «^stirc***^*^ f u mm f©qoh«»*#ih. ) (!M^hy^*#si£a£ 

U fc^OVS^«J£*tg/J^-6o COASttSHWI* 5Q»Ur^*«^CCtt) JfiW»tt«r*>oT. **t^i 



(49) 
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B, 7^;bK408 (1 ) (o)-408 (1 ) 

(t) ctfcor, m^vyr^-^^^cm^i^tti 
z> ( ri/wj ^©i*^iEcD/cfeic^F^n 

[0 13 1] [^tw>^] (t^*n-fe^^400 

»*5!frr*fctf>fc: k SPW^an-K108 
<D;*~-A-W£ci- K-T-So G S ETGEOMET 

rymode37>f», * 4 r 4 > #mmw£Mvm 

_NUM_L I GHTS37> FCC<fc 0S«3nfa«a 

^^^^>^SSL^^f*r^v^^czr3^F 1 20 
0 ilST m#^P-fesr^4 0 0rtCCtt?faE 

-iW£^0Tff-^:7'n-fe^4 0 0&cA;fr2ft&o c 
nB, f#jh?jis*i. f6o*^*^h 

[0132] *^5x** >y-r£fc£>&C, 

h*«flE-r*iija«, lees *ifce«c«*.r 

»CCj:»)*fiESti* («ia©G_VTX37>F7*- 
o &&»B, COlliSWTB, - 1 28*» 
6+ 1 2 7©fit©ttffl^c*4 0 x/&#B, Hj^OjSe© 

[0 13 3] ha&sfii#*SEiLfcWFK:*^* 
B, «¥©«»4IBI'r*. coiafcWrtt, fi^^p 

"C, &J6B (*-?'> T7-^KJ fc»LT) imG^ 
^WTo SUB, C©JOfcWCB, i^Pt^4 0 50 
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0TB1B#CCB*#- hStlfcO. 
[0 13 4] M^U/Cct^tC, ^7W>ytff#SB, Tfe 

^-^^rft-^^n-fe^if 4 o oic^6n-5o ffi;tfe^ 
<o^a«, #©&*su oa>?>2 5 5<Dvm<Dm&£ 

ri^s*ra*^3ftc*ci*Ki»-r-s (ARB. 

-14 1, y = -141 l z = 0i&S) o 

Brr*fcftic, :/p^^-b. nsbe«tjR(o. o, 
o) r*4ci*«pSL*wn«*6tt^. 

[0 13 5] G__l i gh t37>Ftt, SS'JXH 

l^HIl©*? FT 9Zf\t. W^a-fe?t4 0 0|*i<D 

^>^-FfcT*h#, G S ETGEOMETRY 

MODE37> F^m^^>^3n^Ci««T^) 

F4 0 8 ( 1 ) ( i ) -4 0 8 ( 1 ) ( 1 ) KlBtrr* 

[0 13 6] [f^x^a7agx^-y>^/&J] 
ft^^n-fe^-^4 0 0B, »cf^^?^rl^^- 
U>^*><fcOV*^B^**tfT^ (02 0, ^n^ 
^6 4 2 ) 0 C<MOfcWrB. 7Uy?6 4 2tCi?)IS 
fTSti4«»«, SI^^7^F, K»v?bT>^ *s 

**ff*fc«>«:. comfiW^tt, 3^o-fe»^2 0 0 
B, **-Sl*«i»K©|ffi|fe(D'f-^^^aT^y 

<-r cigars. «wRnf-7*-f^ffi«sr»t»T 

[0 1 3 7 ] &±A,£<Dytfrt><Dmffi"<< : 7<{ FB, ^ 
> h^a«r^X^a7v^7*tcj;^?n-S 0 

/c^ci^/N^^^ h£^A/ei>£»^cB, ^>r^^ 

[0138] COHJSWCB, *jn^n-fe3F*5 00^ 
^1f4 0 0B, cn6<W»»W**Stifc«F«: % s®* 
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mt. G_SETGEOMETRYMODE3V>Fft 
Office J: OWSSti* (ffir2<Z>ett£#JlS) o 3 
G_SETGEOMETRYMODE37>Mt FUx. 

a, st«v ft* >#&mfrz>mttc. AV7vf^x^ 
* * * rffisowfcf fc*«s&r «. 

[0 13 9] C(DHJ6«"C», ^^*a-fe^1f4 0 0CD 

fttf>, s*5<t^tfg«**ti-tna»ffi-rS^:«)Cc. 
y - >aiB© x te<£ y ^r°J©H*ffi3BI<D!9:^tf t>ti 

mM'^ZtiZ* i^7*cH2^40 0it 
[0 140] conifewr^, f^^fa7V>^ 

4 0 0CDJ!ttnv> FOiCitfifai 
/cG_TEXTUREnv> F£fliO>rfE»S*l£. C 

[0141] f«£LfcJ:5K:, fi-^o-fe^lMOOK: 

MSitl) 0 G_LOOKAT_Xfc<t^G_LOO 
KAT_Y37>Ftt, «#^P-fe5r*4 0 OCCctOH 

fltJgQ? ^;l/F4 0 8 ( 1) (m), 408 (1) 
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* G_TEXTURE^v> Fft:<£ 0«f5£3 *i * 
[0 14 2] Cn6©?8*{i k fn^aTv-; 

[0143] [a^?7rot»ii*] cne©xf 
^^©^r*3ltf Lfc»cc, ft-^^P-fe^if 4 0 o«, 

10 4 0 8 &C#£i£<& (H2 0, ^a-^644) , ^©1 
2) . 

[0144] [Hfl37>FM-I, f^ot^ 
If 4 0 0#II££]Ij£''Cy:7T 4 0 8&cS£jAt^ ^ 
^'MM 1 Ofct. THft3^> Fj *#**C<h#r 

ccd fj Ji^«>77408rt 

g^:nv>F2rf££U U>#y ls?<Dtc&i,C^ 

20 CCD^v> F^r^^n*fe >1f 5 0 0 &C3££/ttf><£>{f # 
^O*»f40 0^CDS*r&-5> o CO^JSWrtt, ft 
#yp-fe^1f4 0 0(t 3o©^«|©^»nf-f 
*\ ft» **J:C«©&*iM.4. con 

F 1 0 8®*&£ J fcS':*--Jl/j&sa-- FSn£C<t#s 
[0 14 5] HTtt* Eft3v>F©7*-7^ FfcJ; 

so 

G TR I 1 : 

* [in] 



nv> F 




u 




Ti | 


v2 



2i±£ e N7^;l/F«, 3o©m^©£*i;#s (^^ * 40 



* [0146] «TOn-v> Ftt. m^^n-fe v^A 0 0 
**0fBUr, 7 7 4 0 8 rt®2 a^KJ: 0£« 

Sttfc«4U>#y >^TS*7*:/n-te*lJ- 5 0 OCDa 
v> F*»£T£fce&fcffifflS;h4 0 

[0147] G L I NE 3D : 

[*12] 



n v> F 




!■ 


vO | vl 



C©3^> FB. I^SI5Il.*^'^7rCCfattSnTt,^]S 
7 ~)V FB. 2o©a*©i*n*i hi^i-^ 



50 



[0 148] ir^X^TSn. *>-3»fc3tifcJ®B 
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[0149] G T E XR E C T 



100 



* [3U 3] 



3T> H 


xO 






xl 


yi 



mi 4] 



[*1 5] 



n w F 


0x 000000 






10 


Z3^?> F 


0x000000 


DsDx 


| DtDy 



#©B«*193rr*. DsDx^DtDylt ^ 

^05. i otr * F&r&o, x (y ) mmoymttctt 
«s ( t ) ©»fc*«er*. 

[0 15 0] C©HJfcWt**l>T. 0 
OSS, sffiS^y^rSKC^fbU i/clJtlWxjfSj 

G_TEXRECT37> F £IU CT&£<fc 5 &G 
_TEXRECT_FL I Pn v> F*lJ-#- h"*"*. 

[0151] G F I LLRECT : 

«16] 





xO 


yo 




xl 


yi 



U ^^^xL y 1 ttST^B^^-T-Sc £ 
i 2 

[0 15 2] [^'Jyt>^/-fe^r^]B20K: 

a^©£*a^y * tr>y*»r-i-s (H2 
o, ^d^646). co^y v £>#mmt. tr^ 

[oi53] wasLfciSfc, £ras«:oi>rj«TS*i 

fc* "J ^7r^ h 6 3 6 ©H6*», HjS>< >>7 7 408 

5cfBtt3ti3pMrSr-5. c©=fln^>K^, cft6<D 

tt, fi-^^n-fe^-^4 0 0^ C07*^f^o^y 

y » Office j: o westifc2Brt«:a«Er*»^ 
±7 y 3^£IHi*3K:#aEU * y 9 

tf>y»iiWttl*. (S2 2 (b) CC^StiteH^^- 



*«KS4 0 8 ( 1 ) <Dv^#v 4 -Jl'F<ej:9*%3tift: 

cfc'Mc) ^y ^r-^^fii^-r^^rtDS^^ iud^ 

^l^ti^o c ft 6<D^* h:fe<fc CCD^ 
*y '>f>^p^6 4 6(c<toj|?f3ti 

[0154] m^chz^*4 o o«, ^css*y> 

30 KIT*. CCDHSS«r«, ?P> >>^T?& 
ft, A* >>^T£>ft> ^a^6 4 7&c<fc 

tt. il(DG_SETGEOMETRYMODE3-7> 
Frt©^>-*CCJ:g»S3ft£. eftcefcQ, 

-r^n^^y (Mx 

ft**-?*-*, 2a**J& *> CCtf^J&ft 

40 [0155] «#:/n-te?iM 0 0&2, -fe* bTvy'm 
fP*HtfL (020, ^P'^648) % S/c, 
4 * ^S^ra^Fi^^D-fe^SO OtcSIO, R 
my'zuzvVb o 0#^*y ^^u>yy>^t8 
cfc 5 &C«IfBIT 4 (H 2 0 % ^P^650). Hz * F 7 
vTWrtO— &±LX (^P-^648) , CCDIUSM 
"Ctt, ff-5|:/P-fe*1f 4 0 0», i^'M F 1 1 OftCD 
r*fe^y>F^bj 2ti/c7FUX^ ^^o-fe^1f5 

50 £) . 
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[0 15 6] ccommm^t. ft-^n-fe^lMOO 

3 o o&TFisxmm-rzmicJtM? 

UXit f-^^A^4 1 7 6 t>> h t7t 

v h4 1 7 bCC^OTK^n^o f—>ObA;fj4 1 7 a 



* * y 3 0 0 ^©«ffl7 F U^4«4t 4. ff-^o-fe* 
1f4 0 0tt, -fe^OOFfccfctf ^'J^F 1 

1 0&c<£0-^x.6ft£) 2 6t'^ F*?-fe>> Fte^-X 
T F l/X^Jfli^Ci^l ^ A 3 0 OCDT 

FL/**1«J5W*. -feiOOhf— ^Jl/4 1 6 5*. JWT 
<E>F8<DG_S E GME NT^7> FtcS-^TfllJKSil 

[0157] G_SEGMENT : 
[117] 



C©37>F», A^£i!uj£©^^>F^-^4 1 
6*c}jn££ 0 ft-S^p-fe^lM 0 0&C<fc9GM9Sn*-fe 

> h{br f u c<Dj|S6fiSr«. y^/t 

-rf-f >y-=Ey 3 o 0F*g<£>&&gt* 1 ;;* h©7-?yy> f 

^*X^T££Ol>-:/fl:U J3H<D*te^> hF*35C#Kl 

-Z*;t?)V-7 9 ik$Z>CtU. J Jisy'zuzvV* 1 0 0 

&<&T F UX^tf^TODr^*^ ft^^p-fe^-^4 
00Ot^> Ff- ^jHCiEIA»*<— *T FUX£n 
- FTSI^G_SEGMENT3V> FCc<fc05tff 

[0158] «#:/P-fe*fJ- 4 0 Ote, 02 3iC^$n 
fc-fe^> FT FU^fg3Effi*«fflLr^S^ t<D^I 

^<D?c&, *v FT *:/*ffl6 4 8CD— 

•fe^>F7FU^^, a^E3-fe^5 0 0CC<fcDifi 

gffflr^^fl7 F ux«M^to6^c^ fl 

[0 159] [DP37>Ff^] V^VjvfX 
(DtclsbOm-^yuiz *tM0 0©±&tttt>«, i20, 
yp^6 5 0(aOffl^?nS^7'a"fe^f 5 0 0 

^© iw_t^7> F"c^^ ^ -r>^'n-fe i o o 
(^^>i^je7 :r ^y-Aieit^5 4) a. iUfi(c«^ 



y 5-r^r^^3i'r^^yn-fe^ita^> F£H£-r 
[oi60] ai^'n^tJ-nvv foi/^- f ytt, 

06 5^6S1 0 2CCS1* 0 i^7'P-fe^f4 0 0te\ 
20 j£££ft£g|7K:/P-k 7t37> F£®*sWC:7*-*7x 

^mci, fc<J:tf=i^> Frt{caBoaflMB*jJ:tJf 

7 F UX»«*S*^5C iCC»ET5 0 
7*Pt^40 0«, R^^O-fe^lf^jg^J^^^- 

iW&Jfe*- Fte«tCJfflJtt3^> F^il, ^offl^t 

m^yu-t vVb oo^cD^-Ffcct<>' 
itstca^^p-fe^if 5 0 oimmvzzffi. 3d 

<fcfc*4*7jWn-fe?U-:3V> F£:^£T£/c#>fc:, — 
[0 16 1] [yu-mW^-?> FMS] WtfH2 OK 
hnv>F^n-»lffli3^>F-C*Siii^K:», fi^ 

ur, i^yxFi 1 0£fOT-r&, 029. i$l<# 

40 flg-T*. 3^>Ffc<tCf7*-vy F©«T<Z>IIJfi« 

[0 16 2] [^n-$fj©nv> F©«] 

G D L : 

[*1 8] 
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1 [ 











u^^Mt^, cofSfeWrte, ±r©is»;^h 

#s, G_ENDDL3^>FCCJ:0»TS*i*C4**ai 



JUKI*. K^IW«MfRrr«7 9^««H«br^«. 

77^G_DL_NOPUSH^9 bZtlX^Zm-S 

±&c:/^>^Sftfc^ 0 cftraBJBfta^yx F«t9 

t>, toiBRANCH*5l>»GOTO^©J:56 

[0163] G E N D D L : 

[f 19] 



sfc^mwr**. *t©as»j7F 

[0164] G_NOOP : 
[«2 0] 



C<D=iv>F«, MfcS^^nt^^Uo c (Da- 
te:, *4ttiBTrrt«wcc»gfesti*. 

[01651^20, ^P^6 52lt -rf-<>y*y 

30 oficoas^ KD*****iif*u costly 
4 0 o# r^-^'>x>Fj i^yx hnv> F&caj^ 

[0 16 6] [fi^P-fe^lfCDW ^P3-F*-f 

ffl*Jlffr*. «#7*n^*1f4 0 0©^ Frt^^-* 
F 4 2 o rsofflj Wff*Hffr4©«:»{caLr 
1*4. CCD rgcoftjj ffMftt. tf-f** *ffiB 

BPS*. o^-z^r-z/)V • y-y->:/y>y % 

y>y», FAol-z.* Ff*-£^*4 2 3&C4 



&*>-rtcaj£"r*a 0 ^aaas©'** fjiol~ 

v V 4 2 0 <D#^<D*H&^ffi<D— 0©^« £ U 
ft^^P-fe yV4 OOCD^Z bJlzL- y h4 2 00 

A*X4 2 3tt, 8 5MT D I * - f ^ 

fcmtitcmM&ztc&icgzm-c&Zo «t». "<£fjv 

^ tjlzk^y F42 0<D?-*t^?s 4 2 30H4O 
lo<Dit>^VP^^S'r^/c^^3ti, f6<D4 
h;l/a- h 4 2 0C[)f-^A*x4 2 3« 4 2 

^^42 0(Df-^^423it *tl*h»ft** 

50 
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[0167] m^V-tvVl 00(t t-f^ 

mmmowftcD i ^ x m-^n-k? 

*4 0 0&i, **Tls*MC%m-?Z>l<C\t£. 1 10 

•fe**©^-^^ w*2 o 8^ cn^n 
come zcommm-cu. m^v^vVAoou. v 

[0168]— mc, ji^^y'U^v^l 0 OU. V? 
^*yu-AWc&£ZtiZ^m®te<kV^*&m 20 

m*. ^^^y^-Anfmcm^^ti^tnh'r. $. 

n-fe ^2 0 0^ ;^cd^ u-a^^^^^cc, 
*att< tfT**? u-AtcfiaiiTS^TcD^-Tw 

[0169] cco^teWr^, d^/n-fe 9 *4 o o 

h 4 2 o (Dm&wtwmjoomc. ^7*0^^400 

y*h2 5 0#. ^t'f^7U-A^«^jr 40 
ff#^n^^1f4 0 0fcJ:C>*^^C3-fe>1f2 0 0^: 

U C©HJS0!lTtt> ^>*7*P"fe9* 1 0 0*5 3^ d 
-fe^lf 2 0 OK, ^1t2 0 O^CDb'T^^^ U 

•9*4 0 0«:J:?)B*Sft*«^y97 -f 9 ^*fc<fctf* 
r&fttf, ft-^^P-fe^-^4 0 o«, ief^7i/-A 50 
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n&c\, t'T^y-A^n^A 1 0 n^o-fe^ 

V 2 0 0*BflgL&l>«fc5 *>Leffi3tir4»^ 

^y-A^n^-7-7«, ±x<Dmmv* h 1 1 o#5»* 
s«t5K:iB*r4c<!:K:j:o t ft-^p-fe^tM 0 0© 

:/P-fe9*2 0 0*s^C©BIIfe©«iffi*^TX?#-S^HIrt 
CD^Mt^f"^-^ U — ACDIHK:, ^U-A^^^^r 1 1 8 
CD— SitfHcf Ett £ ft £ IH D Bft«r . r U bf§«tS 5 8^ 

ss^-r *> 9 iciea^ u-Aiig^s< -r& c <t 

®jy U-Aitg^rn^n-fe 9*2 0 0 (Dfc&lc^ <fcD^ 

[0 1 7 0 ] ^-tw ^ffiK:raLT«, jl— tf«, ffe 
y 9^j z titer* *><dx. mfc<DV?*y\s- 

ccSBir#«i:c^ir*S. c<D<fc 9 ^ 

if^a-fe^4 0 0^ St 
WSTt?{co< ^^t^ * * 1 ocD^ft 

-/^2 0 8CC^(C«< 7U-ACDBU:, Sucd^u-a^c 

tB^-r^^-^^ *£H£-r£<*: ^fc^rsc <br$> 

ff^^*n-fe 9*4 0 0fC v lOCDt^T^^^ u-A^rt 

autmft-rsc rn^^p-Aiisj 
tt, ^7 , p-fe«>t2 0o^ iocd^ u-A^cta^-r-s 

9HM^SaR0^^7i/-Aautls. -—fir* 6) 0 

[0 17 1] [t-f^y7h0x77- + f^ft 
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7*U-t7 0 2, «^U-t7 0 4, ^&F^-^7 
0 6, fecfcM-f ^^>f^P3- F7 0 8£W 
ltl^ 0 ccDHSSFa-c^, ^— 7 0 
2, f§7'U-t7 0 4, *$<fcO^J&F^^7 0 6 

^>^n-fe^* i o o±rs^f$n, — 

(D(i-9^ , ni2^1f4 0 0±**S. C©<fc5CC, i^--2r 10 
>X7*l/-f7 02, + 7 *5<fcCteJ5E 

^Sv^^q3-F7 0 8«, SPvOaa-Kl 
5 6 CD-a$#<t ti-S. 
[0172] V-^>^7'U-t70 2, ^S^U-i* 
7 0 4, fci^K7-f^7 0 6^ W^Sftn^S 

X7*U-f 7 0 2it ^>f7*0(?)MIDI^>^> 

^7T-/;^S4-r-5 B i/-*>*:7u-+7 0 2 6i, 20 

£T£ a ^87 , l/-t7 0 4B, SIBaSfciO'ffe©^ 
F y~Atf~7W**cW*»T*S. ^F7^7 0 6 

^^>7'D-fe^if 1 0 o^c^-orv^ f^xtShj® 
o^c^x^yx F2 5 oojKTasens^-^-f 

H 1 O^^STS, CCDSfeteflW*. -&SEF-7-Y 30 
A7 0 6», ^S^U-^7 0 4 

^D3-F70 8tt, I^n/c^X^^Il, ^OL 

■fe*1f4 0 0a\ L/RXfl/tl6t^h1f>7M 
^■-f^t^>^7 J :^^20 8, t-f^tDACl 
4 0, teJ:CJfi(MIS/2*-9-l 4 2*^Lr. B*(Dfc 

^>y^y 3 0 OF^CD^-'T^ 4r^vVr 114 40 
KflHW So 

[0 17 3] C<D^jffiW-C«, ^K7>f^7 0 6tt 
^-^-f *^r^^*«#^n-fe?r1f-4 0 0«C*-f s -#* 

r^u-Aj <DB~cM2>o r^u-Aj 
^^if^^r**)* ilStt, — ^cDt'x^^ u-a 
i$K 3 0*sc>»6 0Hz) -c^hr^+^u 

-ABfpa^«/cT(D&c^^if>^;i/CD^ia^fccDr 
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cciortjfijmstiai^ttu^ f y 
COISHSW-ctt, ^T3tt£^:?^ v?KM(D$x? 

[0 174] [H*yxh<3W6ffl(C^B»«] H2 5». 

siri^ e §2 b<D%m\t. tr^y-A^o^^A 

1 0 8©fflfflrrr. y Y>^P-fe^1f 1 0 OCCAO^SE 
Sft/cB^lJ* h 1 1 OCCkoTWSStl. fro*** 
y^h2 5 0O3B»iLr4$3ESnS. 0 

2 5CDSPI4yxhMt t-f^S4^M 
1 0OJBrft#^a«fe^*4 0 otc«*&sns^F^ 

[0 1 7 5 ] CCDHSfeWrte, ^>*F^*^>3>^ 

y 4 0 2©^c*S3&s«ilBS*iri^^a«>, — jRtctf-f* 

-f+^JSSW ^P3- K7 0 8&£, fi#^P-fe^1f4 0 

1 0 0<DKW*!»ffi^-r^P=i-F». >f>^F7^ 
Va>«V 4 0 2&ca- FSn-5<t^«:«JSESn (H 
18, 7'Ci7^604ti), SfcaS^tt*-^^*^ 

^*^a W^yccn-FSftS^SfCTS (£/c, jfi 

EKC^? ^ * ^7^7>f^P3^ Fit— ^>3^, 

f>ft^v>f^D3^F708^ fi^^"n-b ^IfCD 
>f>XF7^V3>^*y40 2WcMl, fro, ft 

^-^n^^if4oo«, ^?n/cxf ^7^t^^ 

So 

[0176] — «cc, *-f^*s*yx F 1 1 OOD^ 
fcj©***«, t-rj *m&zx?*m4y-?z>tc#>i<c 
isn sm-^^ci -fe 9 d-<d*?— * y y 4 0 8 F*gtC 

/<*7y*-fe? h7 7 7YSCit^S (025, 
•^710) o HttCC. ^?77<Dt? h7-y^Pt 

1 $ /d^na±©t-f ^AA^>>7 7 i u 
t«ffl$n-5f-$^*y 40 4Wc«^sno^-cs 
c<t, fc^o^-^y^ey 40 4rtic^-T r ^^ai^^* 

7*Pt7tl0 0lt I^7*P-fe^1f4 0 OCDDMA^ 
7->yf ^ 4 5 4%ffifflrSJ:5tCll^a-fe^if 4 0 

occ^b, ^-Y>^^y^6^-f ? ^^A^x-^ 1 

rtCAttZa J <<>7'a-te v*jr 1 0 0 te, 
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(025, ^P^712). y^>^n-fe^tM 0 0 

400 cc<t o^f $tiz>mmtm<D* a 7%*m-rz> 

(02 5, /P^714). c©n«swr«. ^>r> 
y'u^ ^vi oo» 4 fflsijcc*-si»»«*^fe-t*r3gff 
3ti^n*s»i». yu->^y»y. &ttiR/"'>«- 5 

stt^o *«£y* f 1 1 o**, m-^ 
^n-fe^^o^-^y^y 4 o 4&cfaffis*ifcU2;*- 

t^-;7r©rtg^^>y^ r ; 3 0 0 
nv>FCC<fcO»TT* (^D^7 16) „ 
[0 17 7] [^-f=^^J5£v^^nn- K©H*S 
«]EI2 6«, ^f^t^vOO^- F7 0 8 

jnn-FOWfflTFC. flW^n-te*-* 4 0 Ott. ^ffi 

otf-fw *»*yx f i i o^6^cDS^yx h^v 

S(S26, ^P^718) fl C©3UfiffilT?» k 

7 s -f tB4'M F 1 1 OftcD^-rw^vvFte. JM 

♦ ^C3-$fJiSJnv> F 

•BEffi»^3V>F 

♦ yif>y;i/=iv> f 
- > a«Ma/^>3^> f 

♦ 5 ■> ^7^^3^> f 

[0178] [^^ 7 37> KOMI] ^y^T-nv 

•=ty<hy^>^*y300 ©Br©<E36* njfficcr 

[0 179] [^-;7737>FO«] 

A S E T BU F F : 

C*2 1] 

| 



F 



10 



20 



30 



40 



C©37>F«, rtSBcDfi-^^cHr^^^-^^^y 
4 0 4<D^v7 y#4^%te&Tf%m^-?y F^ffiflaT 
£#^> Ffit£i&£-r£ 0 iiStt, C(D37>Flt * 

[0180] A LOAD BUFF : 

[*2 2] 50 



no 



rryy K I 



C(Dr3-7>F&2, T-fe^>Fj + TrFUXj :7 ^ - 
^F^i^^>^^ey 3 0 0(DT KU^6, fl-st 
yp-fe^ifOf-^^^V 4 0 4 (D*^> y y 7 — F"£~ 

- FT*** 1 6 Hf>^;KD«tt, A LOAD B 

UFF^> FQmrtC A_SETBUFF3V>F4 
T £ C <h » C <fc 0 J£ a ? ft S 0 

[0181] A C L E A B U F F : 

[^2 3] 



4 0 ocDf-^^^yrFi/xr^^^ F*r&, 1 

[0182] A SAVE BUFF : 

[f!24] 



-b^y > F- 



ccDn-7>F«, ft-^-^n-fe^-tfcDT'-^y^ey 4 0 4 
tc£>£ 1 6 t*^ Ftf>^WD^:7 7*, r-fe^> 

fj + ttfuxj 7^;i/FaD^^nu>f> 

-rf-ty 3 0 007 FUJ^CC^ffT*. A^jSP-r-^y 

t'J/^77Js < |:Ulf>^KD»lt A S E T BU F 

F37> F***-rsC£CCJ:0S*3ti-S. 

[0183] A S E GME N T : 

[*2 5J 



7 KW* 



* ? ^^OG_SEGMENT37> F*#JH. 
c©37> fb. r B ^g r-fe^> F J 7 FUX£, y A 
>-**y 3 oootl7 Fi/*«cv9 fc'>^-r£fc#>tc 

[0 18 4] H2 6*WCJf#BR-rai, <s-5f:/a-fe 
©t-f ^^7^^P3^F7 0 8(t ^-££[8 

af r -^^*y^^7T4 0 9ccijSL, til, s# 

(026, ^P^720).I»tt,it^Pt^ 
40 0&2, *©DMA77S/yf-f4 54*ffiMlt. 
5 s - jn&y 3 0 Otei^^P-fe ^^©^ 

^ey 4 0 4<DrariESi/, jsa-r**-— *ajjt- 

ZZWWttiL. $/d^-7 : -ft^>^7x>fX208 
CC±oT|f4T**— ^-f >^*y 3 0 
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[0 18 5] [7P-M»3V> F&ffi] ,X<Dn& l )A 
-fe*U"4 0 0« v ^£<D^-TW h^rJ-7> 

*B£y* F 1 1 0<D**<^-f 
y* FO*£* y-f 3 00&C (2^:7 ^ 

[0 18 6] [JItt:3V> F*BI] Jfc©*--^-/ 

0 37>FtM« (H2 6. ^a^7 24). C 

[0187] [Jlttr3V> F©«] 
A_SETVOL : 
[«2 6] 



37VK | 









COa^FIt -e©f£©*2mav> FKStfl/T, #y 
& Ctltt, A E NVELOPE, A_PAN*5<fc£X 

[0 18 8] [BE»JB»3V^F«H1] «#^0-fey9" 
4 0 OCCcfcOKOtHSn^CD^-^-f tB4V^ h3 
v> F#, )SI(Si37> F<D»^«:tt. 

ff»)!»»ft*m^ ^-*-rf-*y4 0 4l*i©A 

v ~y ~? (celts ft fcffllBtf -f^A^ty^Fy 

[0 18 9] [M)gi37>F^] 
A AD PCM : 

[*2 7] 

37VF I y"yf r v 



v F- 



10 



20 



30 



40 
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£r-rf*y 4 0 4£>T F \s X *5 2>y->Zf)MD& 

A_SETBUFF37>F4, A A D P CMn 

^> F©«rcc«ftr*c<t6cj:>3SiSft*. r-fe^y 
>Fj + rrFu^j 7-f-^Ftt, «3»*flH?u ft 
Tc-rs^toccffifflsniy -f>y*y 3 o oofBtiig^f 

te£T*fca&K:flBB§ft, S. 1 5 <fc l,T*3K3ft*. 
[0190] f77^J 3 7>F«^if 

A_I N I T 

37> F<DIH6i$cc, tm«tK7cr&fcX>K: r-fe^y> 
Fj + ttfu^j 7<r-ji'F«'ttflj3ti«. 

c®7 7^-i2^ Fstirc^awtia, wb*jw 

A M I X 

[0 19 1] [yt>^37>FW] e^P-fey 
If 4 0 OO^M'-f^BtU F=iv> F©K*ffl 
Lifi* y*>^JU3^>Fr*4i»^tctt, ff-5f:/P-fe 
^4 0 0tt, 3^>FrW£3tifc^y-4r«:*-^ 

>^y>y*««TS (02 6, ^^728)0 « 
Ttt. *-f*-f *-&J5RW*P3- F7 0 8«C«fcO*# 
- F Sftfc, 'J^7';^7> F*J:em»m®»k 

[0 19 2] [ yif>^Vl/nv> F©«] 
A_RE SAMPLE : 
[^2 8] 



F r 


| 77^ 




- 1 





C(D37> Fit tt^^«KfBteftI*.T, b'*^? 

^>^/y*>^y>^*»«-rs. m^y'u^^<o 

A_SETBUFF37>F(Di4(C 
^^SUn, #y »-A«fiHHH^7^- jrt^ A_S 
ETVOL37>FO«t«:J:OS*Sn5. y^>^ 
y>y«Rtt. fcTv*K:J:>JJ£»<SftS. 

[0193] r7 7^j» 4 3 7>F©asi*sat 

A_ I N I T 

Fj + rrFu^j 7 *--rt/F#ttfl!Sfts. s*tt< 
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A M I X 

tf, c©7^m» F3ftTl>fctf;h«, Hi 
[0194] [fdttflE/'Os v> F«ffl] ff-S^U-fe 

**>^hy-A*«»l 4 CttK:J:tK * — t=w 

C(D^fA5 0©j&»WT«, t-f 

F7 o 8tCctDif^- F^nr^ 

[0 19 5] [^3R»/^>n^>FCD«] 

A E N V E L OP E : 

[«2 9] 



114 







| 77^ 


VF- 


- 1 1 





10 



20 



A_SETVOL4»4T4C<!:fCj:0£»3 
ft, fl-^-^a-fe >1t(D7 :? -^y^: i ;4 0 4CD^n'^^tIB 

fW^<tC«iItS1f>^©att, A E N V E L 

OPE3v>F^4«itC 4 A_SETBUFF£ 

C <ttc J: 0 Si££ft£ 0 
[0196] r^^^j F<D«fle«£»r 

A_I N I T 

3v>FOBB>&«f«:. tt«*tK&r*fc«>K: r-fe^> 40 
hJ + TTFUXj 7^JbF^«fflSW. Sfcfc< 

«*«ffli©»b0«:c©T FUXCCfiHFTe. 
A M I X 

fct Cffl79Wt» hS*iTt*tt»W* USB. B 

^y7 7 (cA*$n5c 

[0197] A P A N : 

[*3 0] 50 



77^' 



A*K fl|lffl**J<J:CX*>^KD«tt, A S E T B U 

F F 37> F*«4T5C i(C <fc 0£83ti. 

A_SETVOL37>F*«ttSC 

2 J tC<t»)S»3tl4. 

[0198] r77^j 37>F«^lt 
A_INIT 

fj + rrFuxj 7^-jbF«sttffisti«. s«>a< 

«*iBi©»:b 0 CCCCDT FUX tefilST 5 . 
A M I X 

[0 19 9] [H'»^7>FM*©t-fy 
*S* r J X F037> F^5^V>^n^> Fr*S» 
^CC». ftWn-fe 0 Ofcl:, 2o^-r^A 

7 3 2) . OT©^^>^7> F©7*-7^ Fte 

y'a^yV40 0M^-f^^7Opa- F 
7 0 8CCJ: Olf F Stiri»S. 
[0 20 0] [^^1fnv>FOM] 
A__M I X E R : 

im3 i ] 



37VK I 









f-^*';404 ©M^^l^lTS. A^f-'f ^r, 
A M I XCC5 , cS:orA_SETBUFF^^f -SC 

[o2on umf—rifamsemi ao*-?* 

^H^fTS (1326, 9 f 7 3 4 ) . qf^m-^Mffi 
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/ctor*^ fetter -Sc 

[0 20 2] [«S*^^>K©«] 
A_RE VERB : 
1*3 2] 

| 1 



10 



<DAt>to£W>7>l'<DmZ* A S ETBUFF37 

> F<O«£fc:J:03£liS*iS. 

[0203] r^^yj « % nv^Foatstjea-r 

So 

A_I N I T 

|s»^ (MM) sc»MH3ti&«s. tt 

A M I X 

C<D*£*tt, HWK**7yfC5 **X3tl*. 3fc&< 

[0204] [*-^-/*«Hi©«jfi] ccommm-c 

tt. «*-^*«ffl«(B7 2 8. 7 3 0, 7 3 2, 7 

3 4£jtJ&-f£?ctf>CC, t-r^^7^P3- F 
7 0 8^ l ooa^r f 1 - * ^ffiS-T SHffiMX 
3R*/Bt>*. i2 7« 4 Wffl*— f-f*JHBBI7 4 0 

*A**>^». aSftU/c 1 ocDil^7 4 2 <DKt) 

4 2<Dmt)*v7&. y-f>7 4 4*Mt, 40 
•fe^ifcDx-^y^t U 4 0 4F*g<D^-rv tflitfjx* 7 
ytejBfliSftS. iBS«7 4 2±©JJ0©*5r^*6©* 
yy'Mt. nm^i 4 6*iior. iHBR7 4 2*crcx 

7 4 8*rt-l/rBffR0. *fc. «[^O^750, 
giJ<E>ttI»87 5 2feJ:a i: U->'^xy ^;l/^7 5 4 4^1 
TiHHB7 4 2K:R4. inBM7 4 2#k63 6CC]HiD» 
»^7 5 6B 4 Jlfl»7 5 2©ftOA*«c»«3hr*$ 
0, »9HI7 4 6<ft©AACC (CdMtetett* 30 

<D«fc»:/ia**7 5 8iftLX) SSKJtiT^i. C© 
yifflS56»S|3S7 4 0«, lo©iB^7 4 2KffK©K 50 
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±&©:^>F*:frLT3£6*i*. 
DCiESHfc <DCT#— «»> j»p^7 

-fji>*7 5 A&ctiv&ticmmzti, MCC. c©^y 

-/>7 4 4#*6Da{C«»3h, C*l«C<fc0*»a«<D 

ffi» k s»«ft»rtT^*<fc lto^u sir ^ y©atB* 

S2 7£#MLT, NHM(tt7 5 8tt, (_h 
fErSMHl/ft:a_r e ve r b^7> Ffcj£jtT) r< 

[0 205] iaffl^6m^7 4 0 ©~fl$lftf4ff £ It 
4 0 OteiS*-^ FBW¥*4C3« 

[0 20 6] [ay'u^vV^y'u^yV5 0 0] t 
i^S^^o-fe^lf 5 0 Ofct, =ftff£ 

*tt««3ft£IBi#u ft, r*X**T % Affi&tttoJ: 

ccteur, a^K^n-fe 7lt5 0 Ott, SI, =ftJB*$J:C>* 
J£«£3i«r££ 0 -*MCCB\ Ii7-Pi2^5 0 0 
If ^P-fe ^4 0 OOSfifS^'J 5 f ^©tt 

-fe 9 t^CciL® a v > F £ C <t tf-sjlifir* 

[0 20 7] A*-r-5^y ^r^^co^tcDa^a 
■fear* 5 0 0(OMW<ommt. 7'^f^^X^t 

mmtiM. m=r. rg b Afetfffs. y-zxr^rm 

^^550^1 7-7X^^7^^75 5 2^ 
^7^^5 52^, f^X^a7^^y 5 0 2^C|B 

t^^TS^) 7X^7^XUc^P^55 0^ffl 
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[0 2 0 8 ] <bC5r, 7^^7>fXL/c^P^55 
OH HOB3R<Dft:#>©, ^y5f^*7- (Wx. 

r^n >^ ^5 5 80CjBI«'r^ o *7^-=i>-rW >:/P y >? 
5 5 8«, Cil6 2 0CDfe*ffl^t>#, 1 KDm^m 

fiffitt, :/n**5 6 2tcJ:0^U> KSti, — H 

x^jflB^O^If^lfWiTSCi) *»tU Kb 20 
l«IM7l/-A^^7 7 1 1 8^llim»i&S« 

[0 2 0 9 ] H2 8&^tKfE»> #^"J S ^<D 

[0 2 1 0 ] — mtiMCte, yU-A^yyrllS^t. 30 

— t'f^>f>^7x^2 1 053:, 
^U-A/^>^r 1 1 8CDffe0^^r^BX€>o t^f* 

as^a-fet^s o o or, tr^*^* 

7x^2 10», i^P-fe^SOO^TUdi 
U-AA^7T©fl&©*»*f}J^*#iitJo COW 40 

so o«. iisi e^^u-A^rart if 
[0211] [^^^y>«ui] H**««-r*&«> 



«fH¥9-325759 
118 

£o EI«CC. 7X^7^X7*P^5 50(t :/U>F 

[0212] c<ommmx^ m^v-typs o o 

Sfto/cA>f^7^>^- F^WLtM 0 ltM^Jb 
■=e- Ftefc^Ttt. loCDBSR**. *^P-fe^1f 5 0 
0O**-f ^il/dr-f AJBBc:i«:«H13n*. WA>? 
^-FtUfftt, 02 9 (a) fC^^htl^, 02 9 
(a) ^S?n/c»ffi|J|3!i5;W^7^>jai3n5^ 
<Tfcfe*>, ^U>F»ff5 6 2tt, ^KZ^AXWfe 
5 5 0 #9H£^ X^7>fXUt^ ft<Z>9ffi9R£tit 

[02131029 (b) tt, C©^tttMC:fatt&abn 
7*Pt^50 O02f>f^;WM77>f>^ F<D» 
M^lTl^o 02 9 (b) ©SafeWOCtt, i28fC 
^SftfeKffOSo^, aB3R«:o*2 0||tfStir 
^-So S2 8^?tlfcf^X^a7^fe 

* )V$ U >y»ffi5 5 2, 5 5411 SB^S 
tc*£*)jl£n, ^7-n>AV>S^5 5 8(l 20^ 

7^a7*7-(D^ot 10) „ mWtC. 02 8tC7F 
T^U>F»f¥5 6 2tt. «HJR»CC2Htf*>tirC^ 

[0 2 14] cn6©*aaaff3^2@tfto«i/ciLT 

fe, *Hi6«ec*jwsa^yp-fe^-y-5 o o». 

m-ommic^xmcz jyvmftzmn 

2o©SH (SH3R«, loWO;Wtt<, 
r t £ * *E> j ttfttifc 6 ttio .(c J: 0 

SK^/cO 2-y-^^^CD^- F», H— ©BS*K 2 o© 

( rs^?^^^ ) r^xfa77^f>m 
■rci3W?r«itt*. hoc, ccDiuswr«. «^^p 



(61) #H|3pg-3 2 5 75 9 

119 120 
5 6 2©5RMff^«)tC, m—<D?l'>#^- K^x * [02 15]£ITOid 1 2 )\>to£V2V J Z ^ 
T*&mi>X^2> (U^U ^ r U>K*5<fca f ^^-^|5] *-KW2 9 (a) feJ:^I2 9 (b) Ki^Sft 

m*&Z> 0 * [313 3] 







IMliI' 

BeBe 






Tr^X^T 552 




7 

T^X^T 554 




3 >v** V 558 


^&CDfe£ 1 o©felI^^4> X«s YUV-RGB 


^l/*/K 562 




563 





[t3 4] 









^J**^ X 550 




tP^^T 552a 




^^X^-^-T 552b 


-fe;v££j&-f 3o unii^fr?y7<oi/^ x+i 


554a 




554b 




Z2>yt^ > 558a 


2o^«^iXfc;U'^^e><^2 00/^^ "J=77^ 
YUV-EGB y "7* 2 £3Sfr£"£o 


3>/^-T> 558b 




7*U>h" 562a 


7*^*^— £r/& CC1 TJ^-fclS^rS-eSc, 


:7V >K 562b 


^ << 77 -OOPI^S: 7 1/ — A/* *y 7 y * t U co 


7l/-An^7? 

563a 


* y &^<*m b/^iE/S$^r So 


71/-A^^77 
563b 


z * team iv^ie/S£&#t 5o 



[0 2 16] [7^;u*5±^t'-»f^] RTK^a-fe^ so if 5 o ora\ H&c qfc- K*5<tuf r^t^j ^ 
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-F*WU *©&*B, IV- 4 trJimttCirxDWm* 

-fc (Wttf. SS^D-fe?tm?a7«J5 0 

2#>6, 7I/-A;^77l 18©1$ffix«J7^03t 

-«:) ffiffi^n^o a^-Fit tto^rfii^ <ra 

to%, 7l/-AA'>>77^6f^Xf aT^^'J^) © 

Ktt«3tf-o»«K:JDiLT. if* F r^y * Fj 10 

[02171029 (a) fc<fct>12 9 (b) CCS*T'< 
>F»fP5 6 2<Z>-»5« B, n fcT— =Cr- Frttfppji 

7ii8Kr^ij^ju *#tt*rfflMfcHi* 
t9-F7Wr = 0 aWffiSR) CCJ:Q|ft£ 20 

[0 2 1 8 ] *S*:/tf-fe?*©»ft*- FB. «3Wa 

T£ rffio-t- FO-fe^ h J 3^>F*364CiCC«fc»] 

ilfllOS^^n-feylf 5 0 037> FB, ^^7>f> 

rt<{7*7 4>iPh 1 oo^ij 30 
WHO. IlOO^fE 

(D^ifeWI] 03 OB, fl^P-fe sr-y-5 0 OOT-^r 

B, ^O-fe?»5 0 0tt l RAM5 1 6*5<fcCXDM 
A3>hD-751 8CCKT€>n-7> Fxx v V 5 1 
4, rx*5/«5*-;frj /^**7-f1f5 0 4 k RGB 
AZiS^f-y^5 2 0, — 3>'<-f ^/U^W 
>^7'O50 8, ^U>^/7t*f-5 10, -r^-tf 
75 22, «Wnx;<iJ ^-£524, Htf (Z) Jt 40 
15^52 6, y*y -f >*:7*-fX5 1 2, fcia^f*^ 
^^ A 7^-;h5 0 6^m. C(DHS6Wr 
B, f^^f^7^^F50 6«, mz>&*Tj** 

y5 02&cflniiT\ f^x?a7Xf ^>*5 2 8, 7^ 

^^*7l«a-7 h 5 0 3, W^^^^a77^ 

jl/£xx ^ h 5 3 2 
[0 2 2 0 ] riv> Fax 9 h 5 1 4*$<tO f DMA=?> 
Fo-75 18tl n^P-fe^Ify >f>F*g9^;*2 1 4 

KSM&U JgtC. rxj^'^2 18^L 

ft^7 # D-fe^if4 0 o^gMitc^o y^ey-<> 50 



«pH¥9 -3 2 5 7 5 9 
122 

*?wx5i2B, «M*y*y^>*:7 

A'y77l 18 a*j<fctfZ'*y:7y 1 1 8 btC^fcT? 

•fe^T&fctfHc, ^^a-fe^if5 0 o^ckorfi^^ 
ft£ (fie^r, mjrszfuiz ?u-5 o ob, ^^y^>£ 

2 14^/Mt, y>fW^'J 3 00tC7^-fe^f 

[0221] [DMA3>ho- 7 ] DMA3>ho- 
75 1 8B, ^U2 1 4^/rLTfi#7*n-fe ^1f 4 0 0 
*/cB;*-/>:/P-fe?1f 1 00^6DMAav> F*S 
ttflKS. DMA 3> 1 8Bv 03 1 (a) — 

03 1 (c) *c*TS#ffiL/»#i&#U^***#b 

r^o, <t^p-fe^if4 0 0fcj:a f /*/cB^-Y>^ 

U-fe^lflOOfc, SPf-^^*';4 0 4J/d^>f 

>y^ey 3 o o ^a^h^fyv a v ^xai^ 

FT FUX*«JE3«* *(H3 1 (a)B. X^-F7 
Fl/XI/i>X^5 1 8A^it, 03 1 (b) B, x> 
F7FUXl/^X^5 18B^ltl^) 0 DMAa 
>hO-75 18B, t/^^5 18a, 5 18b30U 
-f>^*y 3 0 007 FU^*»^-T4tB^CB % 
>37 , n-feyf;U2 1 4£^LT^-££§!^ffiU 
^ir, U^X£5 18a, 5 18b^f-^^^V4 

0 4©7FU**«fST*»£K:«» :t-££^7^-< 
-h rx^^J 2 1 4^LTft-^^n^ ^IfCD^-^ 
pt*y4 0 4fr6f s -**fi#ffi-r. DMAa>Fa- 
75 18fc^/t k DMA3>Fp-75 1 8&Wt&B$~$~ 
3g«EOT F UX £ 6 & £ U i^X £ c > £ 

(03 1(c) tC7jk2tltcl<i;zZS 18C). c<Dm 
JfcWC*sl>T % DMA3>Fo-75 18d 

T^to^ a'X2 1 4^6RAM5 1 6 (tC(D 
&W£&fr&~CZZo t<D£*>t<c, DMA3>Fa-7 
5 18B. **J6«CC*5C^rB, ifT*Pt^4 0 0 
S/cB-rf-f W-ty 3 0 O^^OSc^ttJUO/c^^Cffiffl 

£ti& 0 c<Dlli&Wc:tei>T, St^:/n-k ^-y-5 o o 

B, f^^?a7P- F^7> K*33-7> fXX > h 5 

14 5CffiU ^ J &'H>^7x^^5 12*«ffltt 1 
£tt6<Drj^> F*Htf3-a--5C<!:tC<tor k r^Xf 
^.T^^V 5 0 2O/ci?>(Df r -^^f#-r6 0 
[0 22 2 ] [37>'F^rF] n*7> Fxx ^5 

1 4 B> i^7*P-fe 7t5 0 0 «CHT*«tT«»tlWK 

Ffc<tVffiCWKR) ©*SB»%fiSWL, a^^D-fe^-y- 
5 0 0 am 0 ©»ffi*«F5e L , ^S*T ^Mtt*Jcfc Cfn v 
>F«IIBim^*a*-r5. 37>Fa-^5 14(t 
3 7'D-fe-;f;U2 1 4l4W>f>7'P-fe7lf 1 0 0 
(S/cB^#^D-b^y-4 0 0) «C<tQT*-b^T*& 
«o*i©ii3!niu^^*dtf. ^-f>^n-fe^ioo 



(63) 

123 

[0 2 2 3 ] WAK. nv>F:z-* h5 1 4« v S3 

2 (d) CC^ft/cX^-^X/nvVFU^X^S 3 

4*^/c*j*k cn^-i>^^i 0 0 (CS* 

F U^X % £ LtW^c C<DU^X#5 3 4£S!^ 

5Ci*Jt*4. o£D, mTftzfu-tevD- 5 0 0 ft 10 
-^•^p-fe^1f<Df r -^^^U4 0 4 (7^-;l/F536 

(1) ) ^6i^ffltDMA^Tori^fffi*-C 

RSW'o-fe 3 o occy^-tz 

^^CD/c^±$-ti-6nri^^ (7-/-;UK5 3 6 

(2) ) , m^V'\i J ev J Vr<brt4'J'7 AlsteVr? vis* 
Zfttcfr (7^;I/K536 (3) ) , ^^u-fe^lf 

K5 3 6 (4) K f^^^a7^^';5 0 2«fcT^- 
^ (7^;bK53 6 (5) ) , ft^n-fe yV <ZVW 
zf^-OltZVis-fr (7-f-^F53 6 (6)), 37 20 
>F^-* h5 1 4{tW-fr (7 a-)\> K536 

(7) ). 37>F^^77RAM5 1 6«§rfc&A;t> 

(8) ), DMA3>hP-75 18«t'^^ (7^ 
-Jl* F5 3 6 (9) ) , h*5cfcO^> FT FUX 

1 8 1 8 bte§*W$J:fr 

(7^;bF5 36 ( 1 0), 5 3 6 (1 1 )) *»3S 
T*#£ e CCDfHj— 01/^^5 3 4&C#^iAt*<t£&C, 

0) ff-^P-fe^lM 0 0#>6<DX^XDMAtgfE 30 
Sr*yyi,fcD (7^;bK5 3 8 ( 1) ) , fl-^n 

^;bK5 38 (2) ) , i^I^ifeJ fcfcf i¥ik L 
/cD (7^-;l/F5 3 8 (3) , 7^-;l/F538 
(4) ) , ^J75J>7^?i'Z'?m / E*mP££tcte 
&±Ltc*) (7^-;I/F5 3 8 (5) , 7-fWl/F5 3 
8(6)), 133 (h) JC^Sft/c-r^^T^*: 
'jrFUXi?^>^540$:^ l J7U/cf3 (7^-;l/F 
53 8 (7) ) , 033 (f) ttC^tltc^jyyJls 
¥is-Jj<5>Z542*?V7Ltc*) (7^-»;l/F5 3 40 
8(8)), 37> F^'^77RAM5 1 6 Zltttclb 

(7^;H*5 3 8 (9) ) (*7*>*5 4 4tt> H3 

3 (grMc^£*iTl>£) , *n**U--f 
FT^/c^fffl?n^^P^*')>^5 4 6 (S3 
3(e) #RfD ^^'JTTS (7-<^F5 38 (1 
0) ) ci^rs^ a 

[0 2 2 4 ] ±IS<£>iID, ^D^W>K >*v7r 
y^rU*^>h«, f^tU^$5 40-54 63()^ 50 
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iSSi!#UJ^C£#r#£ ®33 (e) -03 3 
(h) #JS) . JKc, ^-Y>^C3-fe^1f 1 0 OSfcttfl 

-r^B i sT»fp***aiLr«»-riC4!:*JT* (0 

3 4 ( i ) iCTjkZtitcB I STX^-*X/WflPU^X 
s 03 4 (j) ttC^ZtitcSf) X^>t*X 
FU^X*5 4 9 (a) , 54 9 (b)fc^O'549 
<c) *»{1?r*Cite«fc»K ^^&'H>^7x^X5 

[0 22 5] H30 CCRD. loJ/c^nKiO^v 
>Fte, 37>F^y FA^7 7 RAM5 1 8JCP- 
F3*i. SS^a-fe-^ 5 0 0#H»ft3*i. 37>Fi 

~* hs i 4«, *nv>F(Da[*tBu*5j:c«aa*« 

^«f>^o i^7 4 Pt -^5 0 0«f -S37> FO 
U^-F'Jtt, 06 5— 0 1 0 2&ClEi£bT(,>£ 0 ^ 
7U-tevy5 0 OftCD^- F^^7 (WU£, P^^ 

y-F7U^f) RAM 5 1 6ft<D?~r7 4 v 
^iS37>FI:tSSRt^. coilJittctt. a 
^•p«fe?1f5 0 0«, C©Z3V> FCDU^ h^r^tf L/ 

IdfcWcfclvttt, a^cz-fe >1f 5 0 0 te. £*rfc& 
37>F*jK»a'>-^>^*©A*<!:LrSW<5:D, 

[022 6]i*7*P<fe^500lt *<D:a^>F'< 
^7 7 RAM5 16*sSO*^{Cttff±ra (T&to 
% v ;^^7rfi®^r©3V> F£^SLfc<D~C£>D, 

^■o^^rte:, FiFOiitffMW). 

1 0 O^/ctem^n-fe^+M 0 0&i, mtik 
^u^z v^b o oa*> t^p-fe^-tfoxf-^xi/e; 

X £ 5 3 4 *K*W-r C £ CC <fc D f?± L/c^ 5 Jfc 4& 

^Ci^rt^ (09 8#ff§) e 
[0 227] [i>r^^*-^j;^f!y^]i3 0 
CC^3*ifcx?,^$*--;&5 0 4fct. 02 8^**1*: 

tt, ir^-)t^5 04d rzflnv>Fj "C#I 

♦ zs*v7T&m<Dtc&><Dzm7 

♦ RGBAfe1f$R 
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[0 22 8]i-;^*-*5 04», ^'Hf^^ 
Wft)2>mm<D c 7j><D^J-Z- ( r*-rC>J ) £ % 

OTGBAZXf5'A*5 2 0tt, xr^*'^504 

fflB(©^^X^»r««*J:CIPRGBAZii*5l*a 
To 

[0 2 2 9] RGBAZ^f ?a*5 2 0» 4 Sfc&c. = 

»j*w«:»*r*. ^tfy>^«, #a 

ffi©2DM«^Xf AtCtoCvc^fStiS. 5 
2 0, 5 2 8K:J;£*>1f y ^SWa-fey* 5 0 

0&C r*x-!f— O-fey h J K^^CiCC^OPfD^ 
ffi£ft& (H9 4#M) o 
[0 23 0] ±fB©<fc5tc, y;<5 2 0B, 
^*-*;5 0 4KJ:0S^£ft£ r^;Oj rtOSBHJR 30 

trite, e^o'r^^Tsa^-re. ^ 

***7B«1B(s k t, w) ^SJt^c Xf ^a*5 
2 0, 5 2 8lt RGBAZXf 7A'52 0^7 , nf 

[0 23 1] [f^X^*-:*-* H C<DjgJ6WC;te 
Wl>f^^fa7^^506^ ili^<£>7^x^ 40 

BSRc:iK:cti6(Dfl*3[*ffl-r) . B«Jcv»t:>y 
siSiB^tcg^iac^4o(D^^-fe;i/«, f-^x^ 

*r^y 5 o 2^6ffiomsn, cne>(D4o©f^ 
•&;HBra\ 7? f>^gwo7c«>cc^$na e eft 

^-A^U^Al 0 8&£, T^X^ATBMfc*^** 50 
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x ^ ^ rif > ? y > ^jitti *«mfc * So 

[0 2 3 2 ] f^^a7lS^f h 5 3 0tt> f"^ 
Xfa7^*'J 5 0 2rtKK«Sftfcf *X**7*^ 

3rtr>y^*fca6«:ai«stift:^y *zf±x. 

tt^*X**7ffi«*»t«TS. f^^^a7^*V5 
0 2&CfB«^ti/c2^7cf ^X^Tte, &m*Tr4X 
<DE.mZ.ktfC Vy-fZtlft ttft «& 6 ft I > H £ Jfc * 3fc « 
J^BHftr**©"?. r^^?a7lla- 7 h 5 3 0 

0f^^a7lS« l ^y ^©lItC7 7 b' 

[0 23 3] f^Xfa7l8^^ h5 3 0«, At) 
ZfttcmMr*? X? ~T&Mt9~ 9***7 5 0 
2 CCf Btt 2 titc&mtj; *r 9 X =F * T <D 4 oof * -fe 

;uorao^f tf>^*st»Ts 0 r-^x^rj^gi*- 

td£^r£fc#>Ct v fWfa7y-t'J502*7FU 
XSJET*. 4o(Df^-fe;« 4 7^X^77 

^^5 3 2», f^X^^7^^y5 0 2^6^fl 

*)Zs9t*jzW*4 y-7«H©3«ffl©:7 ^ -rt/^S 
ff*^frc#*. ^>r>Mf>^y>^«, HBiffijRK: 
•fea^f-^-feji/iSfR-r*. iliffiffllR^S&c4o©T' 
^ -b **fc * * i l ^ wao Sc m^c % 

lEnE-rs^ftj&oa^w. /^y^77^^y>i/ 

7iffi?:iiTS/c^}C, i^^Dt ^©f-^X*.* 
77^^a^^h5 32^ KiEft^^-f y^77 ^ ;b 
fU>9te, *tl»3o(Ditifi8Lfc 

->I«t[iif^aMHftAV7^^Wt^ 0 C<DT 

«*^y7^^^y>y-rsci«cj:0^*r*4 o ^ 

^^^a77^J^^.;F5 3 2&CJ:r)ff*>n£:7 ^ 
0 2 £#J8D 0 

[0 234] [f^^fa7^^y5 02]i^n-fe 

5 0 0«, f^^fa7y^ey 5 o 2**iaffl^^x 
?a7^ ; ey<!:urSoti^, ccont&Wcfcor 

», f^X^AT^^ey 5 0 2 5J, 1 > ^if 4f)\s 
S/c04f-^"fe )MDtilt)£^ S 4 0<D[5imt 7 ^ -fe X 
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A5 8», ^^^aWJ 5 0 2(D^&3fT\ 
r#£ e r?X**Tmm*~y F5 0 3tt, t^X* 

*?5 0 0te, llilKSokcD^&ofcf^X^T^-Y 

^r^^;i/80 2«, ^x^r^y 5 o 2&t&# 

te, f^faT^t'J 5 0 2CCfBti£*'lT(^£8 0(D 
^^^^*T3f-<JbCc3*j£'rsSB2-?8 0 4*. 8ot 

ISifi^tt, BBfcf*— £ 7 * — v v h ( RGB A, YU 

<DfegJR(D1f X (4, 8, 16, 32fc*^FK 64 

fcf * F*7- F<D*'Ol'^-/><D1J'-f X, 7^X3^7^ 30 

>^/©7X^ s S^aTT FUX©^ft^*UC*f-r<5 
0 4^, f-pXP^Tj**:*) 5 0 2fo<D"r?'teJ\'<DT F 
0$C<fc9fiMi3*l*o 

[0 23 6 ] [^^fa7ifi^?HB3 6tt, 40 
fi'X^arig^f F 5 3 OjWt 5ffiffi©<t 0S¥3BB 

F5 3 o^oA^iL/riSfflsni^att^^Jna 

I^8 0 4^ltl^ e S3 6«, f-^X^ 
aT^BU-* h 5 3 f^Xf^TXf 2 

a-^5 30 tt v rffi©*- FGHz ^ F J J: 

rf^x^ i 7l«o-fe^ f j 3-r>FtcS"^i^r, 
37>Far.^ F5 1 4*6*-K«M9fi#*«»»& 50 
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<H8 6. ^8 7*J«fctfH6 6#J§) . COA^tf^O 
T^r^cS^C^T, r^X?a7lt^^F5 3 0 

«\ ^^ffl-r-2>^-YJnajai^8 04^ 

8 0 4fcJ:>3«F5e3*iS<J:5K:> r^x^TffitiU- 
>FCcJ:oT^>^\ s^-fcJcOv'Sfctt^^S 
n^ 0 f^Xfa7lia^^h53 0tt, *tiij>P>Z 
tlt><DZ>()imU(<cm~3Z. r^X^a7^^';502 

fiar.^5 3 0tt, l*fctt2t-fm-Fr«2 
x2i^, 5L< ttne^- F"Ctt4 x l a«S7 
FUXfffigrt*. fW^7l8ar.^5 3 0 
3 6ft, f^WAV-»Jr.7y^/dlF7>f 

- y ~t y ^ cc«HT*fc*cc«fflr s s/t/l*» 

[0 23 7]i37«, T^X^TffiBUx-* F 5 3 
0W^r^X^^7^^ i ;a-^ F 5 0 2©i$fflir 
£>& 0 137^n^J:^K: 4 A*T£s v t, wx 

mi&m^mmr^&mjE^a ^56 6 tcA^sn 

*^*;x^* F 5 3 28C»gW-£. C ft 6 © £ >f Jl'ffigl 
ft^^n-b^if 5 0 O^BS/Scdt-^x^aT^-- 
F^^^-^{cS-5C^r, * *5 7 2fC<fcoT, >7 
^>?\ 5 *:/:fc<£C>V$ft:te^ ^ft<ttt 

S'jcc, aiafi^E^P9^5 6 6K:j:o»«snfcaj6« 
aMK;^p^5 7 4(t s^i**^:^ 

5 7 6tCfitAL, 3 6&t# 
^^3>^^^5 0 8tcJ:^^CD^^C, ffcJfflU-^ 
o/J*fi*fHW*s B ^-f;HB^8 0 4«, f^-rt/ffi 

Z&im&o 7FU^7*P^5 7 8(t isi^n 

tcmx?-*.Tmmm*s ^-r^ie^^8 0 4K:^3 

^-^-CcS-^C^r, f^^fa7^^Ja^-;F7F 
UXCCX»"T4. 7Fl/^^P^5 7 8^ ^ 
•feJPT FUX^f^X^a7y^'Jar.7 F 5 0 2^Cffl 
;frf£o f^^*7^'Ja- 9 F 5 0 2 53:. £fc#J 
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V v h 5 0 2 ±lfir^/Cck^^. 

A }\,*zl~v F5 3 2&tUJ;frT£o 
[0 23 8] [^X^aT^^'JP-^?] f^^ 
^a7^^';^->h 502{i, =i:/cHz*U-2 0 0K: 

mxmtt'zmxib** ^mtLxnt, y>?v7m& io 
^x^r^^y 5 o 2&t*5<,>T > 4 + 

[0 23 9] T^X^T^y 5 0 2*ffifflT4^8& 

^*^****Ty*yccn-- fu wa-r^fffi^T- 

8 0 4**-Ol/KifrF-5 7 6CCD~FLfcWnfcf£e>fc 
l>. r^jUDP-Fj 37>F (i6 9#M) te, £ 
^l^T^X^r^^y 5 0 2 ten- FT££Hcfigffl 20 
Sft. r*-fjKD-fe* Fj fc<J:tf r*-fjnj--fx©-fe? 

hj 3?>FU »j£TS*>OI/K»^:/n**8 0 4 
*df-/;PEa^F-^-ty 5 7 6CCP- F-r£©0C<£fli3*i 
3* MCC, r#;Uh<DP-Fj 37>F (H7 2#i) 

?*.7J*:V 5 0 2&CP- F^£fc#>fc:ffiJBr#£ 0 
[0 2 4 0 ] ftffltt&cra, *t>?7s*^T**lV 5 0 2 

4 0©^'>^^ffll^n, *^>^«, 2 5 6CD1 
6fcfy hfi©^— F^^ftOv P— ^fcJrtf'W^ 30 

( I5tm0 2 Of-^-^JV) , 8 hir^X^T 

jlT ( l^JS/c0 1 2f^W *$J:tf3 2 t** Ff^ 

r*£& 0 bc, c©^iWcfct^f^x^a7^^ 
F5 06«, f ^7^^e »j 5 0 2©^>f^-*7 

f^^5 L a7^ j ty 5 2 o<Du—^-y& % 4tr 40 

9 h£/cte:8 b*»> F^7-^>f-^Xf a7?r 
^7^-FW-Fn. CCDMUte. m3 8lCvk2 
^f^X^^7^^^580^ T^^X^^T^^y 5 
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0 2©a-;w5 0 2 (L) &cfett<**K *tJ&?2>* 
7-;l/^777 , f-^582^ f^^^a7^^e 
•;OA-f;^75 0 2 (H) CCEttSftS. 
[0 2 4 1 ] H3 9te\ ft£©fW^*7^^y*7 
-^^y^^^r-F^ctOl^ffltCTSLTiJO, iSK* 

- Ftcteor, ^7 ^^T*-y;l/5 8 2«, 

«40(DAU^ h^>^5 8 4*fctt^-:/Jl/K:a4R| 
£ft& 0 *7-;l/^r^f-^Ht l6fc'^FR 
GBA7t- *7>>F$/dil 6 tr ^ h I A?*-^ F 
-C&*9m?2>o 4o©f^t;Ht HKHtTFUXi* 
n^OT, -r^x^^T^^y 5 0 2<D/N^^N-*7^:iB 
ti2ft£4o<2> (iMm«I^J — ) Jl/»d^7^f-^4 
8 4^ffaE-r5. ilBOcfc^CC. cn60;l/^77^7* 
-r-^OUte:, @7 2&Cijrr r^;i/ F©P- F J nv> F 
SttfflltP- FSti*. 

[0 24 2 ] *SWn-fe*-fr5 0 0«, J~2X**TM 
-=ey 5 0 2<DP->^-:7&c&££^t!;i^ 8b**F 

0 2CD;W^-:?5 0 2 (H) <D2 5 6ffiflKOl»m#» 

?^f-^;l/{Ciffl[7 F UXT^OT, £hOUD 
* FS^&flyBl/fcl*. 8 tr^ F*7^-^>7^ :7 
^fW^jL7*ttfflT4i*, *>^T 
WCf^^^ a 7^*V5 0 2©A>f;^7^fffl , r'S 

^«^i^o #fl;U£, ^7^-;u^^r^^'tc8e^ h# 
^—Alyfv ^Xf^X? jlT^ -r;^0 8fi^?@CDt*> 
FrtM^^ti/cti^tte:, ^-^^eycDv'W^-:? 5 
0 2 (H) (Zh-S^Wl/^7^*S|?«Ci* 
f^^aT^t'J 5 0 2<D8H)<D/W^- 
4 h I "r?x?*7tj;£(DsyX'7-Jl/'r 
^xf^^fa70S#(D^c^ffl^nttJ;c^ 
(0 3 8M) o EISCc, *7->f>f^xf^^^ 
^.758 0^f^^^^7^^'J 5 0 2(DP-^7 5 

02 (D fcfi&#3*ifc<t**>. ttitmc< 

— Alsfv ?Xrf*?-*T%u~-^-yttC&&&'T2> 

f^xfa7y^y 5 o 2«c*sr*s. 

[0 24 3] TfB^D^^X^^T^^-v^ FfcJrtflf 

0W:x-* F5 3 OCCJ:^**- FStirti*. 
[^35] 
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[0 244] COSSKSWctoC^T. f^?a7^? 

r^^;KD-»^J nv> F©»T||ffSti4^* 
^ftteJcO, f^^Ti-? h 5 0 6CD-T 

^IMitt, 0 9 9, HI 0 1*#R8> o 
[0 24 5] «#^n-fe?r1f4 0 OtCfiraOT, 
/c£5CC, 2o«&37> F ( rj©B<D^***:* 
tj fc<fctf rjgjg^ y vzf<D^Z>x*~T i ) *Bg 
yy ^ f ^ -/tcf f ^ v ^ 7*t ^/c^cfiMr 

(183, i8 4#I)o rj§i(Df^X^a7j 
7 1 1 8&C:nfc'-T£fcS?HC<gffl 

Career* a. i8 3#i n 

[0246] [*^-n>^>f^] H3 0*WCJf#JSL/ 
T\ ^77-3>A'>ft5 0 8{t f^*7a-^F 
5 0 6&C<J;9ffi;ft£ftfc7^-k;t/£, RGBAZ^f 
2 OK<fc0til;fc3ftfc*^*:/««S#RGBAiIi 

jPrLt>e= (A-B) XC + D 

CCm A, B, CfciO'Dlt ^<<DH&o/tV- 

WWt5 0 8B 4 B#&«»J*ffl«:lltf-rS) . 
[0 247 J840B, CODjUfiffSTB, RGBi7^ 

7 r # ^ - <b £ tc&<DiRmmitmm # ? - 

3>^-Y^5 0 8©oJS6aA*a!R**Lr^4. 04 

f^Xf^7^7h50 6$/diRGBAZ^f 
yA5 2 0*6*tC>4. »0©A^«, 37>F« 



«£ft£ rrj>>K>( >#^-j ^jj:^ rn>^v>r;b 

RGBAZXf7A52 0^6f#6tl, 
^■fe;l/*7-feJ:OT^X^a77il'77(J 1 -f**** 
h 5 0 6*P6f#6ft£ e (lK*afc9 2lM 

(55gM0/c^fCf^^fa7a^^ F 5 0 6Ct<£oTg 

*<JH*. B37©^a?^57 4*6S6ti, ^^f 

mm<DzfV J *r?W<MZ. «5WP-fe3rlJ-5 0 0K: 
&htitc ryy zfjj5-<D-te? F J ^*^> F (0 

8 9#JR) *>6»6ft*. <iftffl^^<D:/y S7^:/ 
#5HB/T;^:7T/^^;M2, ^(o^nmmm^ 

awaTJi^rfftt* r^*- F<DflR8u 3?>f (0 

7 7, 07 8#KQ ^^Ci^tt, 

F (I8 8#l) :*>>6f#£ (±K6C5!»S 

* a > ^*5ct o^e* - a > ^ {cttjB s n 

-;WA^**^-^>^V^5 0 8(cHfitun*4 (0 

9 6, b9 7#rs) o 4 *r7te&zmmmomfi 

[0 24 8] *7-3>;Wt5 08^OgRK4fecf: 
40 VKbXM*. C<DHS6«CC*Jl^r», YUV^6RG 

-f £ rrj>/N*- FO-fe ^ F J ^-7> F (i9 5#M) &C 
<toT«F5eSftT:c*4 (C©3>;^- h©t^ FtCj£S 

5 3 2^-Ctf^ft^) . 

[0 249] 04 UJ, i40 SCfc^tA^i 
tlZTJl? T«*tt*^b'tt*3ftftK:fl6fflSft4*7- 
a>/^-T7^5 0 8©- 2J5£7f;l>r^&o ^^-3>^N*-r 
^5 0 8^Cj:0»T$ft^T^^r^^-rj>/W>fiS 
50 flFCCte»4RGB*-7-=i>^-Y>©W^cotir, 2 
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o©*-F#*S. low, liBJRiSfcO 1V49JWD 
jHy'U>*-F~C&K)^ fellow, IHSRSfc*) 
2 If -f ^JKD^-Z^-O*- F"C*S. 2^42 to* 
-F&C*5t>TW, *7-3>;Wt5 0 8«, 2 o<Z)j{§ 

ijgtf-ra (09 7© r^-GBo-fe^ fj n-7> 

F#J5S) . 

[0 2 5 0] _LS6Ufc<fc5*C. ^U>^5 

lOtt, *7-3>;^t50 8tCj:Da«3tifc3> 
Jf-f >3ft/ciH*ffi£W9, 7l/-A;^7rl 18© 

oaassn*. ^^x?^y>^x»;7^>^w, si 

ff (z) ®BCt*^T, *fr#*^-^U>F«:«ffl 

[0 2 5 1 ] :/U>#5 1 0W, Mb&1ktm*9-'7 
U>F*Jj:CFZ^y^Tj|»f*?f5C<E:3&sr#, S£o 

[0 25 2] ^U>^5 1 OOntcttlB. 7>^x 

1 0W, jitfffiBCCS^C^TlS^^U-A^y^T 1 
1 8 A{C^fefM**r^U> FL/. S#&tf4>GDT>&£ 
( r d z J HtfKJ^ -A* F**£f * Z^»7t7* 

fc, [i]ff#^Jg*<D#ftffi]Ig (SIS^O 5 6 9) , m% 

& J ^#!0Ci o 40 
[0 25 3] C©HJSWC*5C^r, *4 
*2 10W. 7U-A^y7r©K*WL«fK|{CffiPa7 

2. ^rcD^F^^r f ^-^®^u>y i ;>^^n 50 
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[0 25 4] t-K^U>«18», 7 P y^f^?: 
Sit^)Zft3V>F <H7 3#JR) KfteStifcfflR 

-r^B. Hfi|3v>FK:<fcor«FS3titeJ:5K: % 
3?> F (08 6, H8 7#l) W. r^b>Fvx 

F«7- F*we-r*. 

[0255] ^U>^5 1 Oli, 7 *9t>*7 
U> F#^~©2o©rtgB#^~U^X££Wl/T(,> 

T^p> F*7-<D-fe9 F J r3v> F (09 0, 
09 1#M) Sffl^t^o^ARlffiT**. C*x*><D 

tetter**. 

[0 25 6] ^l/>^5 1 0W, A*T*iB*T^7t 
147*0^7^^7^7 7 V-X&Jfc«U 
^ ? 7t 1 1 8A£^m?MSr2tf£t<L#T£ 

#5iow, fwifSft7dH£It«UT. ^>^A{b3 

>F (08 6, 08 7) £#J?So ^U>^5 1 Ott, 1 
V4 9)V^1tU2^r 4 9 to*:— F©t>"i**i*^ 

y^ct^^^^-O^^-^UVFOfcfeK:. 

[0 25 7] 044W, C<D||S60(T:7U>#5 1 0# 

H!fi«tc*ji*r, ^u>*5iow, ffittfiHxrcv A 
a*W5E"r*c:i©r»**- FrMM^-rsci^niiB 

r$>^> 0 ^^fflx^y A x~*~5 2 4B. (x^^ 
->*-*5 0 43W««Ufc> 3iaECD®^©W^rtSHffi 
€r v Viy-A^yy r 1 1 8 AP*iCD«#$ ^fcW^H 
fititt^-T^o 04 5 {t)"7-7 Is-As*v7y 1 1 8 
ArtO-SB!S(Dfc«>iCfig??StlfcfetS$S(D7 * - v ^ h 
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-r&c£#-e#£ (i86, MS 7<D rffi©*- FGHz 

(D i'n/c w ^^cDaffitc d: o Hfc>n £ & £ z> o 
i>r«i t\ :/y ^rw :/©**c*4iB3R*coi>Ttt, 

Folate 

sa\ a/c», *©x^sP3m«©*^*^ f©*h» 

T^/ci^C^U-A^^y 1 1 8A4S*BtB$tC, 

fmm x * ^«6D»»wtt ^ u > k » % a^vr £ £ r 

EfflfiI£ffll>T. ffi^fe£:7lx~-A^:7y 1 1 8 Art 20 

fcfr^ ^>£:7;*^X2 
1 0*^c^r£&J:5te&£o 
[0 2 5 8 ] [^^'H>^7i^X512fcJ;^Z^ 
y>^] ^>J^^7WX5 1 2 H it*:/ 
U-fe ^lf 5 0 OfectOV-Y^^^rU 3 0 0<Dffl<DJ>Z 30 

U-^?7 7 1 1 8 aiJitfZ^j^T 1 1 8 b&CT 
1 18a(t *7-rU t'lffl 6 0 (D^Hj^CDfeffi^rlB 
Z^vVr 1 1 8bit *7-7l/-V^7 7 1 1 8 

4 6CC^StiTC^4. 1 1 8b(J, ±tC^U 40 

n»**tT5) o mieicmztitt tdzj MfffiHffi 
gpr ft £ *>53&> * aft w <£> fc£> r ^ £ o 

[0259] ^t'H>^7x^^5 12^, 

^eu 3 0 occ»*ii* % ^ Y>y^ey^6g!^gxo, ^ 
-f>y*yrt©tia©R*»o» y^>y*yrtoffia* 

©»iE*JJ:WI*ii* (RMW) £"T£C <h#r££ e so 
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RMWSMttco*. comswirti, y^y^>^^^ 

>fX5 1 2lt >^><Dx v y<DM^£x^^*-;*7 
5 4 0^St^>i, it^C? L/-A;^7y 118a 

^ffl^n^rtSP r^y\->^ »77J 5 12a 

y^yY>3?7x>fx5i2« 4 mw*-7\s7* v 
3MlSffi£, X/O/<9775 10a*6 % :7*u>#5 

i occawft«FiBra«-r4, ^ot, y-r>^*y3 

0 0^CDT^*fe^<D^^^C< "T^c ^>a'^7 7 5 
U> FS*i*A«C-rf>r>:/D-fe*if 3 0 OCcr^-fe^T 

*«*-i^wccE«r*yfc«)«:feflefflsn*. — 

^^t'J>(>^7 i ^512« 1 HBS©±f*X'<>ffiffi 
9 ir^igfc^>f>^*y 3 0 0*t* 

[0260] y^'H>^7x-f^5 12tt, »03^© 
v y y *HS«-r£CC+#tt:f v 7'RAM^: 
fltC^o L#>U aML/c2o(DX^>;^ [a]— CD 

TffeCD^r- FO-fe ? F J ^ V> FtCbttS fr h 5 
^X^-Xj (18 6, mS 7#M) 

^^^>5?7x^X51 2tC^CD7*y $r^^ 
■r^tycc, 7 u-aa'»;7 7 l l 8 a^ci i7* y ^ t-/ 7' 

o»ao^^>^u>^y>^3tifea, vAthtm 

[0 2 6 1 ] j5tT^9^*-*5 2 6 (J, Z^'^77l 1 
©Za'-,77 1 1 8 aCc«[«:#aE-r-SZfittJ:bR-ra. 

mmyi>-^*i>>#v>#-r2>imtc. z^^ 7 i 

^'f77 1 1 8aCC^U>FT«) , *ffH:«»5 2 6 
^fiOlli^CDStf^rZ^^^^T 1 1 8 bottle?? 

tittle cfc-^r, i^n/ciKDii^sa^ 

^7rl 1 8 aCD*C^ffl^fii<h^#-r^ 0 ^Lt, Z 
^?77 1 1 8 b©*fj£ffi«. l3«tC»/c&IB3R©Zfi[ 
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mttblcmiZtiZ (i4 7#l) . «9i^U>F 
F*UfcC>. 

[0 2 6 2 ] [t'ftO^7x^2 10] t'ft>f 

[0 2 6 3 ] c<d^SSWt«, tr^V^r? WX2 
10», NTSCS/diPAL^- FOC^-rtl^rffift 

**c*wtf i 5tr* h*s^»24ir? h 

& Q ^r^^*:? W.X2 1 Ote, 2 8 0^^l^f 
**-F£. M©»JWW»«*WH-*. 20 
[0 264] eft^>3?7x^X2 1 Ott, r 
UtfWE6 OitSTSS^bf- ACCESS LT^-? 
l/-^?7r 1 1 8a*R*BX0, CCDHfliWrCi, 

T©RGBfi^fy^^0Srt:^tDAC 1 4 4*C# 
x.£ a Iff** 7*^* 2 1 Ofct, WS»«H6C«^ 

i>r^a9M«c*H/r^u>F««*SBfL (cnccj: 

[0265)^48^ eft>f>^7x>f^2 10a) 

b'f^^>^7x>fX2 10[t DMA^>hP-79 
0 0, ;<?7t90 2, 3HJiSJiiB9 0 4, 7>^i>J7 
^>^7^^90 6a, 90 6 b, MQUiE:/f3?4' 
90 8ai9 0 8 b, SSffiMS (7^;^) 910, 
*¥«IHS 9 12, r^>^Aj w$m3L 

69 14, #>v^P9^9 16» *i»^F7-f^ 
9 1 8*«*Tl»£. 

[0 2 6 6] DMA3>FP-7900{t n^n-fe* 40 
1f^2 1 4(cStt3nrC»S. DMA3>hO-79 

>y*y 3 o orto rjjRAj r Ki/xtte*s*7-7 

U-AA?7t 1 1 8 a*R#K5 (05 0 (b ) # 
KR) o DMA^> 0 Ott, ^UtfS»«5 8 

©^>*Sa&ft£0Jt8l/T, 7U-A^^7 7 118 
a^6B*e*J:0 f WSJMBH« (@4 5#1) SriSSSffi 
fcR#BK£. DMA3>hD--5 9 0 0«:<t?)R*axe> 

txtcmmmu. ef^>f>^7x^2 i o<DgiO(Dgp 

»6cJ:r)«i«Sti % C(DHJSWlr«, T^P^tt^fc^ so 
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® NTsc*swiPAL »a«:Kift-r & fctf) 

tC, fcT^DAC 1 4 4tCffl^3tlS. 
[026 7] DMA3>hP^ 7 900lt CQHifeWI 
rfc*, -rf-f >-tf*y 3 0007 1/-AA?7t 118a 

CC, RAMA'^7 7 9 0 2{C4iS, CCDHSfctftfTte:, 
^b7T902lt ^Ue^3>t*f r ^CD^^-Y>^*f 

•>77 9 0 2» k * ^OMSf^^iEtB 

?77902B, r^;M7r U>^J "T 

^?77902b» as^^osM**? 

9 0 6 r *JfflT? * 3 J: 5 T SOtC+M^* * ? r Srffl 
St, ftO^?77lt DMAn>Fp^ 7 90 
0CC<fc9S£iAgft£o 

[0 2 6 8 ] C<btmm~C\*. DMA3>FP^790 

ow\ ^7^-xub'ias6 ojiec^sns^*^* 

9 s — £<D5%<£>&oj&HC7^-fex U #>o, cti64^ 
^77 9 0 2CCEttt*. 14 9^#i-r^i, 
LT, 7l/-A;<3r77l 18a^ -r U b*Hffi±(DBi 
*CC»JSt"S^J/tT©«ra«StlTC^fe©<b ITS 

(^-f >^*y3o otcsttsnTi^^u 
jfiRi/fcy* hiuriBtssnri^ci^^-s) . 

CKDSSttWCtt. DMAn> hn-^9 0 0 te, SIS 3 

3PtJ£T*B03RfiO^n >^ (H4 9©7l/-^-,7 7 
1 1 8a©±SHW»:/ci**) *K#fflU £>o, r,X 
<D j tr-rtf^-/ >n + i© (-rUtflBSiCc) *¥fcE 

-*<D35#) *R#m-r. consfewr&s, DMAn> 
hP-7900(t MCC. 7 >^ 7 ^e>^ 

[0 2 6 9 ] mmm<Dztit><D-7u ? ^n^tv* 

9 0 2rtlC8BttS*i&. 7^;^9 0 6a, 9 0 

6 b izmnmmmtcm^ *x?4fr#v> *t/r > ^ x 
mrzmmm) -cmm?*. 7^;^90 6 a, 906 

bOCcfcOHtf^n€>T>^xyr^>^- y -#ji/*y > 

^ssms, e^^«^atecfc^>y=i> ♦ ^^^^ > 

#-^0 5 6 6), r^jl/x^ hx>r^(D7> 

7 c x';r^>^ r j CC8BaS*iTti-5fc©T*S. o* 
0, KKS03*SigB, 7-f^*9 0'8«:J:0*fTS 
n*^u>F«Hi«:*jc»r. WS»a5Hffl«:<t0fe**^ 
wsnrc^i. c<dv 4fr*v>#mffi*+ 7u-a^ 
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18a (COWSSffiHfilB, mM<D&}^— fe> 

ISMT^o r<?w#* hj x^-0iE^a^^9 08 a 
fcitf9 0 8 b«, 7>^xy r^>y«tHCcj:03IA 

^ 9 0 6 afc<fctK9 0 6 b©ffi**«jE , r 10 

■**cfWtr«7S;S hi^fcfei ir 3 -ocommmmco 

tp&m&tZ* C(Dx^-<gIEB, V7 b?*7<DfflW 

stit-r * c t*mtstc?> *) o 

[0 2 7 0 ] 7>^x UT^>^^ ^^9 06 a*5<fc 20 

£>*9 0 6 b«, c<D3l*60»r«* &5Ufc»f£U "7 

A^ v7 y 1 1 8 atCj:0^$n/ciii#CD2o(7)jS^U 
fc3R(^-f>n, 7>T>n + 1 ) ©TKTJCiE^JStlfcS 

sbrisk* ®e«pas9 i ok-^a&*v&. siefiias 

-^^CDjE^a^^^ST^ (i4 9#M) . ms 

fcawc. 2«i£siRn«fin'rs. tins 9 1 
ob, 5fe^**ir^*^cca*r**¥K»«stifc*« 30 

»*J:9fc*r*fti>J:5K:LT. eft 7 y 

[0 2 7 1 ] HCC. ffif8lg9 1 0B, C©j«WrH\ 

f bt'ii6 o±tc*^3fta^>©sa^ ^u-a 
;<?7ri is 8Lommmmtc£K)mzftZyj><D& 

tfr#& 0 C©3eS6«r«, 7^W90 6lt 7 1/- 
AA^ 7 1 1 8ate«fc9*3ft£iB«©^Lfc7-f 

£ a CO^-U>*W¥ (CftB*7-fe* httftfcfc 
j^T£) B, t'7^^>£:? WxcDY*^-;l/U^ 
**W©ffiteJ:g»JfSJSft* (05 2 (n) #J{R) . 
[0 27 2] 7 I/-AM'^7r 1 1 8 aOf^dul/jlHft 

if ^ xicitmLXTis vm»zxtr- y > y-r* cots 
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tcrctbnsmtc-rz. /j^^7 1/-aa-,7 7 i is 

B, 7^ * 7 -f i 0 4>4liRfBItjiW<!: U 

EtS©/c8?>«c <fc q ^tt t or * y £ ? s r ft s 
or. c©x^r-y>y«*B, ttiB4*rc±#r# 

/c£*, <fc Office W«S(DiS«*!»accLr*> 0 
[0 27 3] COH8fe«?IICDSii:*7 -<;U£9 1 OOfcfcft 

b, i^?ns^teft7^>o~^urifi 
i^-rifflSR^-^o^n^^rft-So i4 9}ci?nt 

2te^x£ft& 0 ^tiHISQ 1 2B, X*-5r-;l>U^ 

^artct&ttsnr^5*¥^^-y>^«»tca^r 
■BRty^v^riikaftcc, msHmmrtiu^fsn 

(i52 (m) #M) . COiSK:, *¥MHS 
9 1 28, *¥*4r-y>yte#£««-r*. «Jttf. 

[0274] *¥fflPJS9 1 2 ©tttfcB, * >v«EH 
&§9 1 6tCfi^$n^o */>^*iEHI&9 1 6B, SU£ 
RGB&g*. TV*ijr©*>^HBgt4aEt4a 

Bv 5 TV-ex 

£B, Cft60fefil£2. 2ftSC>«2. 4©*ft*r 

«*fl«jccfi%*ifs 0 r^>^Aj mm^v ^914 
b, r^-r^ifj -r&tc&ic (oso. *swn-fe*u- 

<Dv £ 4lfV>lf7v 2 2CC<fci3j|ff Sti-Stf v h 

G*j«fccxB<DS-efflccasA"r4. H4 5tc^snr^4 

<fc^^C, C©HJ6WlrB, 7I/-A^?7r 1 1 8CDfe 

>^n^5 2 2tt, ^u>^5 1 OtCcfcO^^^ti 
*8 t^^ hRGBfefflSftJOJir, 04 SCC^U/cJES® 
^SRLtWOo ^P-^914tt, RGBfil^r 

ffiBMBft-r ^>ci«:c ©«Btr jaacc«**iL & c t & 

r*. SR, GfccfcO r B^C2 5 BlOS&SS^eu^ 
iU*««TSCi36sr**. ff35fit»SC*tt*J:^y 
n> - ^7-f ^^^tttCi^rffiSL/c, I^^Jl* 
(D^fFffl® (IIS^O 5 6 7), ^b^©^^ r t:* h 

fccfc0^7r#S (0 5 0 (a) MR) . 
[0 27 5] [fcf7 r ^^>^7^^^Ut?^^(D^ 
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5ty*-jX2 1 CHCOC>T, 1 6{i<D*«U^X£##> 
-2> 0 05 0 (a) -0 5 2 (p) fcfc, y^>P r PHz^1f 

1 0 0tCj;f)7^-fe^Tt^i:'ft^>^7x>fX2 1 

[0276]I50 (a)tt, tr* s *-f>*7 x 
Ote, ef^-f>^7x-f X2 1 0©ttf¥*fW®-r<5fc 

•:/^>* (^-ir&U BWttL) , 04 5CC^£*i 10 
/t?*-v?|- (RGB©^(C5^?f*Jiiy3h:» 
hW^fSBfll) > *Sl>tt8/8/8/8 (3 2hT?F 

fee*** 8 tr * h (DWSftffiH ) £ o xcommf- z y- 

*:7T6. #>V7WtfffifflpJfB:7*wl/F95 2b 
-f-;l/K9 52 c 20 
#9 h^fflpJEfc? -/ — ;U F 9 5 2 d 

• Z&mvjm? 4 —fr F 9 5 2 e 
— ;l/ F 9 5 2 f 

• t*X F-t- F7-f -Jl/ F 9 5 2 

• 7>fiy7^>^- F*>/*77 -f-iI/K9 5 

2 h 

• ^K? -f - JU F 9 5 2 i 30 
• h^t Y^y^y a —Jb F9 5 2 j 

• ?4*?y ^^«ffloI8B7^;bK9 5 2 k 

[0 2 7 7 ] H5 0" (b> tt, R*ffiL©fca6ic. 7 U 
-A;<?7t 1 1 8a©-rf-f>-rf*l/3 0 0©TFU* 
X * - F *«3E , i"* t'r^ > £ 7 x A XI^U^ * 

9 5 4^lti^ 0 cowrra* ^>f>?'p-fe*tM 
o o©»fuc^««^6»*ai"r im* ? 

f) «CC. C©^X3r9 5 44i!BlK:t^ FtSCt 40 

[0 27 83S50 (c)«, >r 

•(d) tt, 3^P-fey*2 0 0#^£*l/cSfla^> 

^oSiE^r-fe * f r * * tr f** -r > * ? * -f 

iIS!l*3ii*uy^$9 5 8*tRLTI>£o 050 (e) 
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9 6 OtSLTM. 

[0 27 9] 05 1 <«r) -05 2 (1) Ct^£ftfcU 
5***9 6 2-9 7 2«, M^b*ft^>f^>^ 

•05 1 (f ) *¥HJH^^^«, *7-^-XF 

5>y*«p£-riyt*K:, -rf-f ^tUs?* 1 0 0#« 
C £ £ffi£>f > £ "7 x x £ 5 > 9\,%> 
X£9 6 2^1/TC^o 

♦051 (g) ^ y j-frFmcomw^-y^JxD 

e-f* >f > £ y x ^ffiEpma ^9 64^1 

♦05 1 (h) PALM©/c2!)©7-f>tei:c;* 

-*-f>:/ia-te*-!M 0 O^StiMj^f^^*:? w 
X*?RfflU^^9 6 5^Utl^ 0 

♦ 05 1 ( i ) fc*. PAL^S;<D/c^CD2 0(D5£#*^ 
|5|«)'J-7 r A7^-^^mt^^>^7x>fX 

*TRUHy-^ r Ut>^*9 66^Ltl^ 0 

• 05 1 ( j ) , 05 1 (k) te^Sft/cb'T^:^ 
7 x x^t'x^- VV>7, ^fcii^ilb'f^b^ £ 
9 6 8, 9 7 0 *tl^ti*™jB*5<fcCJfSBH)W«: 
» b r tfSffl t J: MKT b$£#5eT 

♦05 2 ( 1 ) CC^$n/cSSL-Y>^^^^X^n/c:S 
[0 2 8 0 ] U^X£9 6 2-9 7 2{C7'P^At# 

6^>f$>y^7^-^ i^^sioru^M 

5 8tcS^tt^^x.^/cJ6&c^ffi$n^ e «it«, *B 

6nn^i^bft7t-v.> h^tfflitfci - 
6nri^a^ert7*-*7>> h^fffiun^, c 

m tC*$ii>xmtj:Z>o U^**9 6 2-9 7 2B\ Cti 

r/p-fe^+M o o±(Dyy h^xrontfccfco^p^ 
7Ar^^©r, tf-T^y-A^n^A l 0 8tD^'n 

a^fctf*U^**9 6 2--9 7 2K:»fci& 

to NTscm PMm *it^*w*sttcc-r 
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NTSC«fg^UtTSfR«5 8, PALiffUt'^ 

*-^7 f>&c<fc^rfcS&rc#£o 
[0 28 1 ] ffi6^>£:7 x>fXxM^yX^-;l/U 
i/X^9 74, 9 7 6 (^n-en. §52 (m) , §5 

2 (n) mm) m&utc£5ic, *¥to£vmm.x 

immM^y^y bJ^7J-2*ftfe-?Z>o §52 10 
(o) fcJ:(>E5 2 (p) te, ^KcD/c^CDt'^-O 
$y X^rX Ff^^fc^O'T Fl/Xl/^X^97 
8, 9 8 0^lTl^ o 

[0 28 2] [^^>hO-7/^>^7x-fX2 
1 2 ] HtfaiU/c^^tC, 3 7*n-fe7^^'H>^7x 
^^2 12«, y ^>^^y 3 0 O^n^n-fe^tfrtgB 

te, ^>f>y^y3 0 0Jt 9 b* 7 fiJs^x^ltt 
^Lr^^u ^>3?^^>rx2 i 2#*fj(£ 

r£S£X^CD£><hOte:, n^'o-fe^lf 2 0 OCtcfc^T 20 
^'Jr3> hO-7/^>^7^^X2 1 2<D±WT-*r 

[0283] commmx^x j>$y 

n>hn-^2 12«, — noWZsZ/^?? y 1 0 

0 0, 1 0 0 2, mW*7Vv2l 0 0 4, tecfctfRAM 
n>hP^7^P^2 12b^Utl^ 0 RAMn 

©JW-r^/c^CRambu sttCCj:0g:tf-^n, 30 
^?n/cRAMM®lHl^{i^Tl^o W^*£100 

o, i o o 2«, ^n^nw^f'-^fc^^A^x-^ 
^ v?-?z>tc#>t,c&mztiz> 0 mwz/uvf i oo 4 

^*y-f>*7*-f^2 1 2©»fftlWjW«. 
[0 284] [y^^r3> FP-7/^f>^7x^XU 
^**(Z>0»] §5 4 (a)^B55 (h) tt, >f 
x>fX2 1 2£3»T£/ta6$C, -rf-T^T/n-fe? 

£ 0 §54 (a) tt % IfcfP*- K*«FSEL/^oam*S 

BX*)/S*&#*- FU^x**7nLTl>£ (105 

2) o §54 (b) saosoiaiA^fccfca^aowj 

1 0 5 4<DflteE*7SLTl>4. §5 4 (c) tt, 
^^CD^ffiCD^- Kl/^jr 1 0 5 6&9:LXidK) v 

TS e §5 4 <d) $«*4^ttaSft*«RT*fc 

«>ccffifflsnsaji?u^x^i o 5 8^irw. § 

5 4 (e)tt, DM A^«fffl/*-^7 ^4^1* 
5/c«ffl^n^WlI/^^ 1 0 6 O^bt 50 



W9-3 2 5 75 9 
144 

§5 4 (f ) ^y->*5<fco f ^-7 ; "^ 

1 0 6 2*5*LTl>*. §5 5 (g) U- 
F^e-FtNACK, ACK^M^i/>^i7- 
£tkU t»U4 yzfKHzvVl 0 0K:J:9^£&£*1 
/cB#&C, 4t©i7-t'^ F^^'JTf^x^-U^ 
**S%Ln»4. §5 5 (h) te, 8*R6hfcBf«:;< 

/c, S#&*n/eB$iC>rOj 7 F£*yTL^fi<D^>* 
<D#-T 4 fc*7 F£-te7 h^TS, '0*tfc«U^** 1 
0 6 6£^LTl>£ 0 

[0 28 5] [CPU^>3?7x^X] §5 655:, C<D 

2O2oyo^0^im. cpu^>^7x^ 

*2 0 2te, FIFO^'^77 1 1 0 2*jj:WJa7*P 
v 9 1 1 0 4^^ott^ 0 F I FO/^77 1 1 0 
2tt, C P U S y s A D^iftT F U^/f - 1 
02ai, ^ty'u^v^mtr FUVf-^A^2 
14D<bC0r^^. ffl^-;7 7 ^^ fl $OT:7*U 
7^110 4te\ ^-/>^a-fe^1f 1 0 0CC<J:0f§;££ 
tt/cT FUX*«SU -eti6*3^n-feytfTFU^ 

^ 2 i 4 ciccm^TSo *utsp^n 7*1 io4it 

n :/n 7 if 2 0 0 <Dffe©a$fl* 6 ID 0 &#fI-st£§W 
ffiO. SysCMD^102bS^lt 4 
>7^D-fe^l 0 0^6=3^> FSHSKI-^*:SWfl*S. 
[0 28 6 ] [CPU-f W*l^X££>IS& 
09] §5 7 (a) -§57 (d)tt. C©*Sfc«rtt, 
CPU>f>^7^>fX30 3folC-££tltcl<ZsX5%:fjk 
Itl^o §5 7 (a) te, y -f >:/U-fe vtM 0 0^ 
U^X^CcS#^/d^cn^n-fe7lt2 0 0 ^:$0ffiJ 
U fro, y-f >:/n-fe*U- 1 0 O&UtsXZfrhWtft 
K- 3 fceiC37 , Pt ?t2 0 O0M«**1 CPU 
^>*:7 W*t^/*l^l^*# 1 15 2^ltU 
So ^^>^D-fe7-tM 0 Ote, 1 1 5 2&C§ 

*ii^tu«E5i3e=i- F«t«si, awiasBe*- F* 

^F^-fe^F*^C^J^y7l, m-^^n-b7if40 

F*-b 7 f^sc^j^ vrTSo ^-r>^"p-fe7if 

1005J, CCDU^^^? 1 1 5 2;fo6K#ffiofcH$K:, 
«3JHHfl£3-Ffi. OTJtiawe*-F. rt»3^o-fe^* 
/Uf^F^-F, fc^O'^yp-fe^lf 2 0 0#^> 

So 

[0287]§57(b)te v ^H r >^*n-fe7tM 0 0 

^ v r2^*n-fe7if 2 0 0rtos*<2)g^k:|i§-r£^-^ 
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1 1 5 4^ltl^ 0 

[0 28 8 1057 (c)*l r^n-fe^tf 2 0 0^6 
vVl 0 0^ic^BX<Sf!lO^U^X^ 1 1 5 6£^L 

n^s. c©Slffl50»r*l 2 0 0i^Y> 

:/P-fe*tf 1 0 0i*SN»T4V>y^-f>#, 199 

*1f20 Ofto^Ogffl (o£9. i^7'at^4 0 10 
0. ^>'J7;W>^7x>fX204, *-rw:*>f>£ 

;W>^7x>fX20 6/ *ai^i*^n-fe^1f5 0 

o) $mv&fr*&g=Ltc&zmm?2>o 057 (<d 

^ -O^n-fe? +M 0 0#, 1 1 

2?)fcS*K6*iaai0 3i*^^U^^^ 1 15 8^ 
Ltl^ 0 20 
[0 28 9] [^f^t>f>^7x>fX] §58«, 
C<DllS6WCtett£, t-f^^>^7x^X208 

f^>f>^7x^X208lt DMAiI1 2 0 0, 
tlW^^>/=»> 1 2 0 2, ***n? 

^481 204, t-f^f-^-;77l20 
6, *J:CttfeiS5!K*Sl 2 0 8*«*W4. C©H 
M^Til DMAiI1 2 0 0lt y>f>y^'j300 

$/^7 7 12 06 F I F Oftlcm& 
(Dt-f^f-^777 1 2 0 6 3&*K#6*iT*s 
0, Wc55DMAiI1 2 0 0^ ZbZ*-? A 
yy-frr-ZZftMVnZ, ttOftl£&Sl 2 0 
8#L ffetDittcKtti^ti^o^^y 7? ZtitcX-^j * 

^f-^'';77l 20 6^ DMASMil 2 0 0K: 
<fcorB*ffi6ti*^n^^lHK: % &H3nj3a&S 1 2 0 

S 1 2 0 8 ©ffi^fjiffiH Jfc«WiSl><DT (01*. (2. 5 
0kHzt4A>f hOtf-^-) » m— <D3 4 bT * h ^* 
•;7 7 1 206blt 'JTi^^At-f^tH^l 

[0 2 9 0 ] Suj£(DJ:5K:, ttit$UBEft8tl 
^'>;77 1 2 0 6 Wl/ttftS*^ "J 7^:7 4- - 

-r-^CO^ h t-f^DAC 1 40^5IfI 

«/cJf)^2 0 9fC(H^^ C<D9mW~Ctt. ?V 50 



^13^9-325 75 9 
146 

^f-^7Y>20 9 a^WLtC^ fl C<DHJfe0«r 
ifeit^I^S 1 20811 + >^^Sic§^ ;r 

3^8IS1 2 0 8<DtfWjfcf ?r FiSg«, :t-7^*^n 
s'^gl 2 0 4fcl<fc9*££S*l£ o tf-fwtf*n 
*^J64S1 2 04tt, t-f^DAC 1 4 0*3ML 

5>kibss i 2 o 8<z>a#e-> bj&mcmms&ztctb 

tc, ***u y ^m^j*2 0 9 b±$cf££U £ 

sa©aawEE»«a* i 2 0 8©m^ sxr 

R^£J*^£r^>2 09 c±ic^*-T-S 0 
[0 2 9 1 ] ^58», ^f-/t^>^7x-{X20 
8*«0«BT4fc»CCftfflSn4^»©U^^fc<t^ 
•?>^«r/Tltl^ 0 DMA3> ha-7l 20 0(1 
7 Fl/^U5/^*1 2 1 0*> 6 7 FU 

*£^ttflK6 e ^-f>yn-fe?ti00tt, 7KUXU 
^^12 1 0fc*#i&;& (05 9(a) #flg) , 
f^t^>^7x>fX20 8«r-rf>f>-rf*y 3 0 0ft(D 

*-f^A'-;77 1 1 4CC^X.£ e *7^7>£ 12 12 

H DMA^>hD-;H 2 0 0^a-5§B(OffllSfC 
COTFUX^U, CftCCj: 7 
7l 14^Lt, DMAn> 1 2 0 0£KISF? 

-3tt-f£ 0 ^Y>:/n-fe*if l 0 0&1 
7711 4<Dg££fejMgl^;*£ 1 2 1 4&CS£jAt? 

(059 (b) mm.) o ssi^** 1 2 i 4&cnmrr 

&S[I©*7^>£ 1 2 1 6H *-f-f*/^7r 1 1 4 

» 1 2 0 2*JBff^-T*. 3KS8v5» 1 20 2(1 
50>&C*-7W ^^>^7x^X20 8 CDffeOSB^CDifr 

y^>^D-fe^1f 1 0 0B, t-f^-{>^7x^x 
2 0 8*ttffi"5JffiCCLr, DMAffifflpJtEU^X^ 1 2 
1 6 (DHttWJr (0 5 8 (C0^^r, 05 9 ( c > 
M) (C##3itfC<t(Ccfc0, ^^>^^'J3 0 0d^(D 
7-*<DWLV\tiL*m%&Z>o ^Y>7*P-fe^l00 
H t-f^t>f>^7x>f^iu^3?12 
1 8^r^lX^C<i:(Cj:fi3^--7 :: -Y^^>^7^^^2 
0 8©tti^t^ (§5 8(Ci^f v 05 9 
(d) £#J8D o C<DJU(S0jr«, Sl7t/>1 202 
H g$ 1 2 1 4(C < fcD^?n/ct-f^ 

a*777 1 1 4 GMTtC&h tcmt. JJls-fu^vV 
Z> 0 *4 >zftH>vV 1 0 0 

n «as u^x ^ i 2 1 8 cDtatiii^ftc*^iAtf c t tc 

J:0, C(Df90^*^UTr#S (05 9 (d)* 
[0 2 9 2 ] COHJ60llr«, ^^>^n-fe^1f 1 00 
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•fe^lfl o ora\ *attuy** 1 2 1 8, 1 

2 2 0CC**iitfCitC<t0Cti6OiSa[*^P^A 

(0 5 9 (e) \ 05 9 (f ) o 
1 2 22it ^ -f>7"P-fe^1f 1 0 0#*--7^*iIg 
l/^X^ 1 2 1 8, 1 22 0 tcS^i^/cilSffifrCg-^ 

[0 2 9 3 ] [^'J7;W>^7x^X]i60ft C 
[0 2 9 4] CCDHJ6Wr«, i/'J7;W>^7x>f^ 

w*i 3 sionrr. ^-*<d:/p ^^an fl 
s^mt-r^K fo&mts -f 3 o occiam^ 
h^tyr^-fe^Mi 30 o, immiai.3 

0 2, fci^^l/VJ/UT^fflftSl 3 0 4^Wl 
WS. A7l,;I//^y7^SS1 304tt, CCD^ 
JtWTtt. ^D-r r -^/«St5^^2 0 5a^U 

r, ^yr;i/iiia^>^^^-r^ i 3 8&c<£9i*e>ftfc 

S/D7Jl/f-*t7?f 1 3 0 8&Cj®/rr£/ctf>, >^ 

1 3 0 8(O^U. JJ>j**:') 3 0 O^O^jA 
<&(D/ctf>&C, ay'tHz yV^-Z^XZ 1 4 dCC«J££ 30 

ftfcOte, A7u^-^';7Jb^-Fr, > 

7M/^^1 304«, 7^fl3 10^/MT37* 
P-fe ";1ff-^^2 1 4 d3&>6'*^ iwl/^— 

0 5b^i4i/t, ^ur;i/jaia^>^7*-<^ i 3 8 
MEai s ft z> > y r Mvg&t z> . 

[0 29 5] ^>f>7'O-fe';tl0 0^ 7FUX*7 
FUXU^^ 1 3 1 2tC»*iit?c<!:«Cj:0, >UT 

;W>£:7W*2 0 4#K#BlO. »#iit^^ 

3 0 OrtCDT F (06 1 40 

( a ) #M) « 7F1/X US/* £13 12 (DftSte:, D 

MAT KUX*7^>£ 13 1 4CCP- F£ft£^£M>f 

3? i 3 l 2 <DrtScD— gp#«, ^•;r;i'i§a^> 

^7x>fX13 8ft<D rr FU^J ««*«FSTSfcfe 
ctk^sn&e CO^>'J7;l'JiJ2^>^7x>r^© 

rr fuxj 5**1 3 l 6 ten- K2ft, 

cdi*j§# ^ t ;w^2 > £ ? * >f fc#>&c y 

FU^^ 1 3 0 4&C-^x.e>*l£ o C^>y7JWi2>f 
>£:?WX<D TTFUXJ tt««. S/UTA 50 



1$§3T9-3 25 75 9 
148 

iaa>r>^^x>f* i 3 8rtcDfBttit^f (o^o, 

FROMiBttitl?Tl 5 8, RAMa'-;77, *4C»»jK 

[0 29 6 ] COHSSMr^, $/»J7M>^7x>f^ 
2 0 453:, ->:7 h U>>*£ 1 3 0 4CDA^ IsJimt)*. 
U^X£ 1 30 8, v;U^^U>7-tf 1 3 1 8, te£l?y 
'^1 3 2 0mt37'D-fe ^IfT FU^^X2 1 4 
c±fcffl#-r4te#*«jLTl>*. 06 1 (b) , 06 

i(c) tc9jkztitc£>?ic, cosafcwrw:, jj>z? 

P-fe 1 0 0 53:, BBttWBrl 3 2 2**C>B:l 3 2 4 
IBtiit^f 1 3 2 2-^CD*^jA^«, ^>V7;M>^7x 

>f*2 o 4tc6 4^v f-t-^p* ^*^yrii/jaa 

^>^7x>f^l3 8*^i^ffi6^ J&vo, C©f- 
^7'P^*7FUXU^^ 1 3 1 2fC«fc«3«F^3tl 
/c^»*U 3 0 0OsBtt»3f^»*ii*-l*-5. -* -f 
>^P-fe^-tM 0 0tCj:*gB«»»f 1 3 2 4^Q#£jA 
^>';7JK>^7x>fX2 0 4tC6 4>>W FcDt* 
-^^P^^7F1/^U^^ 1 3 1 2CC<fc»mSS 
tl/c^^>^^:U 3 0 0Oi2«»3f^e>R*BX6l*, J&> 
C(Df - ^ t^p ^ y 7;WSrv 7«2 
^>^?7x^l3 8^S^iiS^6o 

[O 2 9 7 ]061 (d) «:, ^»J7iW>^7x^f^ 
ttlU^^1 326^ttl^ 0 ^-Y>*7"P-fe^1f 

100&, i/'J7;M>^7 W.X2 04(DftH ("T& 
fc>%, ^ If ~7 Is % y * A *#SDMA&£143: I /O 
■WiEr (^ti^ti, 7^;l/F13 
28 (1), 1328 (2)), DMAX7-^->/c 
(7 ^-;l/K 1 3 2 8 (3)), 7 
;M>#:7 x-Y*^^ -f>y*p-fe ^ItcDfUOiA^^* 
3ix-fc3&>5*>> (7^;bFl 328 (4) ) ) 
£fctf>CC, tfclb^X^l 3 2 6^KI,C<!:^* 
^> 0 ^■J7JW>^7x>fX204^ UVTJbKlU 
>3?7x>f^l38^f-«l WTJU 
i§2^>^^x^x 1 3 8^6co^-^K^^TT^ 

y'tHz vP 1 0 O&S, U^*^ 1 3 2 6"\##iAfrc i 
^CJ:0, ^';7JW>^7x Y^<D«»3i&**^ 'J7T 

[0 29 8 ] [^yls)imiR<<OZyx.Jx] 062 
A7l/;TO^>^7x>fX2 0 6CD^P ^ ^0<D 

0 0£KteSSfi5 4<h©rarteji-r*o M^cDIBt^g 
5 4«, ^-^b^^ l 0 4«:«Jtt3ti/cR*ffi0#ffl 

^^e»; 7 6^: 1-o/c^iix.ro^^, ^fASOtt 
p^^>^? i 5 4i<cmm?zmmmw<Dmtj:z>Mmcbm 

^r#^ e 2o©s«:*JI5Soa2»a (FJx. 

«, ROM*5<fcO*RAM) ^J12rj^^^i 5 4 tcmffi 

»>^7x-{^20 6it »#ii*nr# 
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[0 29 9] C©cfc^ftHi2ffl6a©*4fe©liK*B5(0 
ROM7 6) , JSi2«*DJ50©fc 

iWMTrai. WX206k£, 3*** 

1 54i^YW*y 3 0 0i©BO^7U;l/^l 0 

[0300] tKommmvu. ^7wwa-/>^7x 

^X206«, DAMn> 1 40 0, MM/ls 

^^^0^ 1 40 2, *J<tyi/^^7 7^;H 4 
0 44WltOS fl U^$77^H404tt, 
^£ 1 5 4«C&«3ft/dSi2SSB£y 3 0 0 

£ 0 c©^J6Wr», i/^j77-f;H404ii. 1 

6ffl©64tf* F*EttT*/h3l*RAM*«*. 
tl^o UW^7 7^H 4 0 4lt F IFOiLt 20 
«W¥U «IIB/l/^*^O^^ 1 402K:<t0TFU 
U^3f7 7 ^;H4 0 4©HiM k v 
^7"U^1f{cJ;ot 1 6 fcf? F8B#K:3«fbSft£. 

cne>(Di ee? MM**. ^*fty FuVf-^A- 

XI 04 ad*/hLrn*^^l 5 4 (C&fiSSftfcjgia 
mw^&1£r?Z>tc&>lc, 7^^1 40 8(CJ:079^S 
^»fc7 Fl/ Vf-^^ 1 0 4 a dS^lt 
JSiZ!«Bli*6R*m6ti*:9 s -*tt> ( 1 6 hRK 
»3M64t*7h9- F©j^ft4#01 fClffi-r^v 
W7'l/^14 12^U) l/^^7 7 >f;H4 30 
0 4 tcetJ&snaSIic—^WK:^ ^1410 ccEtlS 
tt&o 14 12a, 7^141 4£t> 

7 7^;H 4 0 4^5o U^$77-f;H404O 

X2 1 4 dccfeSsK-rsrs. c©safi«rtt. u^x* 

7 7^;H 4 0 4(DtHS«, 1 4 1 8*5 

cfcO'^ ^1 420 ^itLX^y'u^ vVCDT F l/X;^ 
X2 1 4 cCcfeggRStin^S. 40 

[0 30 1] y -r>^n-fe i oon -rc^y-** 
$IB/1/^X^7'P ^ 1 40 2 &c8#iM*t <h*cj: 
•3. JSJ2-f>*:7*>f*2 0 6CC£9^Ti*n£DAM 

tlOOtt, Hte^-f>^*'J7 FUXSDRAM7 F 
l/^U^^ 1 4 2 2te»#i&tfC<fc#T* (16 3 

( a ) , s/tjga^xy f ux»7 f i<x*m 

ijmxu^X* 1 4 2 4teg#i£tfC<hK:<J:9, 

* 1 5 4Cc«8»3tiytJHa«BOW6T F U*ffilH*« 

*iit?ci3wr** (06 3 (b)#jis) o coimmm so 
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(c) , 06 3 (d) iC7n£*l/tU^X£ 1 42 6, 1 
4 2 8<D— fttcWZ&t*C ISaiOS3*5<fci^ 
^Tfil*^-*"*. 06 3 (c) tc^-TK^DfiSUS/ 
X£ 1 4 2 6<MZ*#i&#tt, -^CD7?fSl-^-r^<fc 
5CC^U;l/JS2>f WX2 0 6*SJ«PU — 
06 3 (d) CC^TU^X* 1 4 2 8^(Dfi3fiI<£> 

U^**©lEtti»Jf 1 4 3 0 (R) frbrnfrm-rctic 

(06 3(b) #M) o COTOl/^^1 4 

3 0 (R) &*, ittf^ODMA^jH (7^;l/F143 
2(1)), «Bffl*(0 I /0«rf¥ (7y-^F1432 
(#) ) , x^-ttSS (7^;bF1 43 2 (3) ) * 

^T^^-^F143 2*{i^ri^ 0 mcuzsxz 1 
43 0 (w) (DEtt»3ftC»*jityCiCC<fcO. 
yp-fe^tf 1 0 0«, »#Sftfc«S*^7LfcB$K:* 
£T£«*)i&#SiBY>*:7*^X2 06^^'J7T* 
£<, tfc«U^X*iEtS»Bf 1 4 3 0 (w) ^OS^iA^ 

a, gfcy ^>^a-feyif i o o^iiWoKSi^^y 
TOidOiA^ ^br^jhr^^cfc^^-r-S) (06 3 

(a) t 7-f-;lF1434 (1)). 
[0302] 06 4 (f) i 064 (g) , 06 4 

(h) . H6 4 (i)tt, S2^>^7x>f^ 1 0 
4<b% 4 ^ > ^fcJ: cflfi©^' 7^^^ SrfKSPT £ 

ct, ^-Y^n-fe*-? l o 0#S£aAt*t£^-e££grj 

©U^X^^SUC^o C*l6<DU^X£&;i:, 
^DtvtlOO^ ^ty-A^n^A 1 0 8rt<D 
y7F-5x7©WTFt, ^<D^©jgaS£B^©^ 

xi 0 4*«wE-i-*ct*Ri«K:-r*. ccommm-v 
mm-ozy *j *4 ms4 (f ) —064 

(i) iC^?n/cb^^U3 6, 1 43 8, 1 44 
0, fc<£tn 4 4 20*t<Diz* F LTl>£ Q 
cntCcfc^, y>f>:/n-fe 1 0 0#S&£S3B^G> 

J§22>^x l o Acoy'u Fa;^, ^xk:I5JB#&cS^£*7, 

m ^7UJTO>f>^7x>f^2 06^ k I6fcr>> 
higar f uxaaw© r«« 1 j ©7 f uxsra^r 

^•bXt^^ttloti k li/Sl^X^ 1 4 3 6, 1 

4 3 8, 1 440, fccfctf 1 4 4 2 <D-^(D;ffl#^X 1 
04©^F3;l/«fiS«J:^cffifflSnSo -7?, 

2j o7Fux^7^-fe^t^(a^ort, u 

^X^^'^y-^(DffiCD-fe ^ h^figfflS^^) (01 00 
„ Ctl62t^ hOU^X^itJiO 
WSESnstBSttt, ^^a-fe^l 0 O&cjcDS^ 
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£o 

[03031 S63 (a) -164 (i) K^i**i/c$fJ 
SPU^X #©«*©&©&, C0^!»Mt» 4 06 2© 

1/^^1 436, 1 43 8, 1 4 4 2&Cifitt3tt/df 

0 2^ A*fMa^>f>l 0 4C±icl4t^7^-fe^ 

9^1 43 4tt, frJSP/U>^£:/P 1 4 0 2^ 
Wt^V'\l^y^<OTY\y^^7,2. 1 4C±OTFU 10 

— RFWtc^-^^-rsfcfecc «*©u^ 

» 4 ii/U^$^n 9 ^1 402« t DMA7FU 

[0 1 ] 3 DBr^fectCJf^^^ftffllx^u*^** 
[02] a i©vx^A*fla(,iTSgir*S3DlHffiia!r 

[S3 ] 0 1 ^>X^A£ffll>TH3iir#£ 3 Dlffiffi^ 

[04] ^^-A^^^ACDiSSSO— HSfi 
«*Sltl^ 8 30 

[H5] ±»v^*y~&isx7M>(D^m9ikwnvE<D-- 
me] tr^*y-At/xf*ACD^ttttfp©— 36is«sr 
[^7] ^ >^ffl«*^-r4fcdf>tctf^y- 

[08] »IBtt^^^AT-*^^^ + ©— 3B»W 

[09] ^>(>yu^y^(Dmmit^-^><o—ms&m 40 
[010] y>r>^p-fey^©>*y^y :/©— mgw 
[011] a^P-feyifortsr-*^^^^— JW 
[012] n^a-fe **f©rta^*©T— *^**+© 

[013] «^O-fe^*(0rt»T-*^^* + ©— * 
[014] (a) m j %7VHzvyr<D4>7s b^Zis 50 
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3>^^7 7 h©— I6S6«I*SkOT*$0. (b) W\ 

(a) ©y-x, *4C^ttR5fey -f-Jl/F©*^-f 
5/>^©— HJ6«*^L/T*j0. (c)tt. ff-^p-fe 
*lf©^ h;l/^L^^ h©#RcJ:D, SltT^fr^ilfln© 

[015] m^mzvwwxiMD— $mm*fFh 

[016] fi^:/u^*^©U^**©— ||J6W*^L 

[017] **»i*y* Ffc^cM--* 8 -***! 

[018] v-f*p=i-Fn- FA>-*>©— USSW* 

[019] •isitiiaw&ft^o-fe » y 

[020] ft^P^^©^^ ^70P3- 

F©«Wffl! * ^ ^ ^> - <^ > *©— ^9fc09*7* h X I . 
[02 i ] (a) fif«ft»l©-JOt«*^i/rte 

[022] (a) m^UlzvVvm&rt-jyry 
h©— m&W&tlklsXto*). (b) ^ ll^x 

[02 3] ft-^^P-fe *1f©-fe^O FT FUXfi^© 
flfcR©— SIJ60J *^ L X I >4 . 

[024] t-f^V7F-)x7©7-^r^?t© 

[025] a&rj:m^7utevy<Dn&vxb<Dwm<D 

[026] m^v-teyy-Oljr-T'i F 
©SHJfflU f* sr ^ ©— U r I > & e 

[02 7] ?*©*-fw*^#Ht©— H 

[028] «^^P-fe^-9-©^tt®a^^^ :/©— m& 
[029] ^^p-fe^*©^N - -/^-f>«je©— sias 

[03 0 ] I^7'D-b^(J)7-+r^^tO- ggifcW 
[03 1 ] a^^P-fe^^©U^^©— m&fflZTjkl, 
[03 2] SI^:/PHz*1f©U^X#©— HJfem^nL 
[03 3] ^7'P-fe *tf©U^;*£©— 
[03 4] ««.^P-fe»*©U^*©— JlftWIi^L 
[03 5] f-^^^*T>*y©^-Y;HeaT-©«JSR© 
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[038] f-^X5 L a7^ ; t , J0*7-'^>f ! ^^^ j e 

[039] i3~?-4ls*fv ?XT?X?*T$:&m'?2> 
tc&<D^?x?~TJ^V(D£K)gEMti;&m<D—^mM 10 

[04 1 ] 7)Vyra>^^i^(Dm^(D~mmm^L 

[04 2] T^Jr? 4 ^X7 ^ycolftf^CD— ^SrgM 

[04 3 ] mte2>m7'<£>7' } J ^CD^U> KCD- 

[04 4] ^Vly^<Dm\%<D—mMm^^X^h 0 20 
[04 5] feHSCD:? hO- Mfi&W&TTiLXi,* 

[04 6] n?fia^o^*-v^ kcd— mmm^mux 
[04 7 ] mz&&^i&£imM<D-mmmz^Lxi,> 

[048] fc*^:*^^ WXCDT-*ir^*<D— 

[04 9] t'r*JyZ7*JX<DW){'Ei<'~5'>X<D— 
HJ^^^LTl^o 30 

[05 0] trr r ^^>^^ ^>TX(D$0iSPU^^^o— 31 

[05 1 ] V?*4ls%7 *4*<OU\m\sV>7,%<r>— m 

[05 2] \Z?*4Zs*l7 WX<D$WU^X*<D— M 
mM^LXi>^> 0 

[053] y -f>-**U-f ^^w^cdt-^t^?- 
O— ^FU^tf L r U o 

[05 4] y^ey ^>^^x-YX(D$fJiau^^^o— H 
SfeWl^urt^o 40 
[055] y^y ^>^^x-rxcD$fjtaiu> j x^cD— n 

[056] y^>7 , D-fe«;1f(D>f>^7x^7(Z)7^ 
[057] y^'J^D-b^O^^x^Ol/^ 

[058] ^-r r ^^^>^7x><^CDT- + f*^^^ 
<D— 9mm*^LXl>2> 0 

[059] *-7 £ -i*-4>57 *>(X<Dl'ZsX$(D-' H 
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COPROCESSOR PROVIDING HIGH SPEED HIGH EFFICIENCY 3D GRAPHICS AND 
DIGITAL SOUND SIGNALS PROCESSING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To model the 
world with 3D and to make possible projecting 
that model on a two-dimensional view plane 
selected based on a revisable viewpoint by 
making a video game storage a shape of a 
detachable memory cartridge capable of 
inserting into a slot. 

SOLUTION: The video game storage 54 is 
inserted into the slot 64 of a main unit. In such 
a manner, a read only memory 76 is connected 
to the electronic circuit of the main unit 
through a printed circuit board 70 and related 
edge points of contact 74. Then, a user 
operates a source switch 88 to turn a video 
game system 50 on. Thus, the main unit 52 starts a play of a video game based on 
software stored in the read only memory 76. Then, the user operates a controller 86, 
and imparts an input to the main unit 52 to execute the play of the video game. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The interactive video game system characterized by providing the following 
Interactive user input equipment The main processor which is connected to the 
aforementioned input unit, has an address space, and chooses a view as a dialogue 
according to the input from the aforementioned user input equipment By connecting 
with the aforementioned main processor and projecting the polygon showing a 
3-dimensional world on a two-dimensional viewing flat surface In order to generate 
image data to a dialogue according to the selected view, the predetermined graphics 
feature set is offered. It is used by a graphics function and the audio processing 
facility in common at least. In order to have the vector unit which can perform the 
Scala unit and two or more calculation in parallel, to have the microcode storage 
which memorizes a microcode and to perform a graphics function and the audio 
processing facility concerned concerned The signal processor which performs the 
microcode concerned in the microcode storage concerned The 1st portion can 
memorize the texture map by which a Color Index is not carried out to the texture 
map by which the Color Index was carried out. the 2nd portion It has the texture 
memory which can memorize the color look-up table for a texture map and/or the 
texture maps by which the Color Index was carried out. While giving every cycle 



1 -pixel mode or every cycle 2-pixel mode and making hardware into the minimum The 
display processor containing the display pipeline hardware which gives the abundant 
feature sets containing the level of detailed processing, A video interface, a voice 
interface, and a serial interface, The co-processor containing a parallel peripheral 
interface adapter, and the aforementioned signal processor, Each of the 
aforementioned display processor, the aforementioned video interface, the 
aforementioned voice interface, the aforementioned serial interface, and the 
aforementioned parallel peripheral interface adapter Have the circuit which accesses 
main memory and it connects with the aforementioned co-processor through a 9-bit 
wide bus. The instruction which gives an address space common to the 
aforementioned co-processor and the aforementioned main processor, and is 
executed by the aforementioned main memory further at least, A color frame buffer, a 
depth buffer, and a graphic microcode, A speech processing microcode, at least one 
display list, and at least one texture map, The main memory which memorizes the data 
structure of at least one audio output buffer, The video signal generation circuit which 
generates the video signal which is connected to the aforementioned video interface 
of the aforementioned co-processor, and is displayed on a color television receiver, 
Housing, a security chip, read-only memory, and the storage that has at least one 
another memory apparatus and that can be removed, The aforementioned 
co-processor equipped with the structure which maps read-only memory and the 
another memory apparatus concerned concerned in the address space of the 
aforementioned main processor, The aforementioned read only memory which 
memorizes the aforementioned graphics and an audio processing microcode in early 
stages, The connector which connects the aforementioned co-processor to the 
aforementioned storage which can be removed, The processor which is connected to 
the serial interface of the aforementioned co-processor, and performs a serial 
interface function and a security function, And the serial peripheral-interface-adapter 
circuit which is equipped with the boot ROM which gives a main processor 
initial-program-load instruction, and is connected to the security chip of the 
aforementioned storage which can be removed through the aforementioned connector 
[Claim 2] The graphics display system real-time [ interactive ] characterized by 
providing the following At least one user input equipment The main RAM which gives a 
common address space The main processor which is connected in order to carry out 
addressing of the aforementioned main memory, and is connected also to the 
aforementioned user input equipment, answers the input inputted from the 
aforementioned user input equipment on real time, and memorizes an instruction to 



the aforementioned main memory, executes the instruction from the aforementioned 
main memory, and memorizes the display list of a graphics command, and the 
reproduction list of audio commands to the aforementioned main memory at least 
Connect in order to carry out addressing of the aforementioned main memory, and the 
microcode memorized by the aforementioned main memory is taken out and 
performed. The graphics command of the aforementioned display list and the audio 
command of the aforementioned reproduction list are read from the aforementioned 
main memory. Answer the audio command of the aforementioned reproduction list and 
audio sample data is generated. And the signal processor which memorizes the 
aforementioned sample data to the audio output buffer which answered the 
aforementioned display list, generated the graphics viewing command, and was 
assigned in the aforementioned main memory, Connect in order to carry out 
addressing of the aforementioned main memory, and it is partially based on at least 
one texture map and other graphics data which were memorized by the 
aforementioned main memory at least, and image data is generated. The display 
processor which answers a graphics viewing command, creates the image data 
concerned, and memorizes the image data concerned in the color picture frame buffer 
in the aforementioned main memory, Connect in order to carry out addressing of the 
aforementioned main memory, and it synchronizes with a display raster scan. The 
video interface which reads the aforementioned color picture frame buffer, and the 
audio interface which is connected in order to carry out addressing of the 
aforementioned main memory, and reads the aforementioned audio output buffer 
synchronizing with real-time sound generation 

[Claim 3] How to operate the graphics display system which has the video signal 
generation structure which generates the main processor characterized by providing 
the following, the co-processor connected to the main processor concerned, the main 
RAM which is connected to the co-processor concerned and can carry out 
addressing by a main processor and the co-processor concerned concerned, and the 
video signal for a display (a) The step which memorizes a main processor code to the 
aforementioned main memory (b) The step which performs the aforementioned main 
processor code memorized by the aforementioned step which carries out storage 
including a co-processor code, a task list, at least one texture map, and the step that 
memorizes a color look-up table to the aforementioned main memory by the 
aforementioned main processor (c) The step which takes out the aforementioned task 
list from the aforementioned main memory (d) In the aforementioned co-processor 
code memorized by the aforementioned step (b) Follow partially at least and the 



aforementioned task list is processed by the aforementioned co-processor. The 
following (1) aforementioned texture maps and aforementioned color look-up tables 
are loaded to on-chip texture memory from the aforementioned main memory, (2) At 
least one 3-dimensional geometry conversion is performed about 1 set of peaks using 
a vector unit including performing two or more calculation in parallel with the Scala 
unit and a vector unit, (3) A triangular command is generated based on the 
aforementioned 3-dimensional geometry conversion, (4) Answering the 
aforementioned triangular command and generating a pixel value and the (5) 
aforementioned texture memory are accessed twice. A Color Index theque cell is 
outputted based on the aforementioned triangular command, (6) A compound pixel 
value is generated combining the aforementioned theque cell and the generated pixel 
value, (7) with at least one pixel value memorized in accessing the pixel value in the 
frame buffer memorized by the aforementioned main memory, and the (8) 
aforementioned frame buffer Based on the comparison using the depth buffer 
memorized by the (9) aforementioned main memory, the aforementioned compound 
pixel value is conditionally written [ blending the aforementioned compound pixel 
value, ] in the aforementioned frame buffer, (10) An output audio sample is generated 
using the aforementioned Scala unit and the aforementioned vector unit including 
performing two or more calculation in parallel with the aforementioned vector unit, 
(1 1) The aforementioned output audio sample is memorized to the aforementioned 
main memory, The step which reads the aforementioned frame buffer on real time 
synchronizing with a processing step also including execution of a **** step, and the 
scan of the (e) color television receiver, and changes the content of the 
aforementioned frame buffer into a composite video signal, (f) Step which reads the 
output audio sample by which storage was carried out [ aforementioned ] on real time, 
and changes the aforementioned audio sample into stereo sound 
[Claim 4] The process which generates at least one display-mode control command 
for processing according to a 3-dimensional graphics system characterized by 
providing the following The set mode command concerned is the command identifier 
field including the 6-bit binary value of 101 1 1 1 including the step which generates at 
least one set mode command, the following modal-control field, i.e., (k), — before 
reading the following primitive, it specifies whether a primitive is made to write in a 
frame buffer — Choose the atomic primitive mode field and (i) display pipeline cycle 
control mode. Enable alternatively the cycle type mode field and (h) perspective 
texture correction. Enable alternatively detailed processing of the perspective texture 
********** mode field and the (g) texture. Make it possible alternatively to make 



clear the texture detailed mode field and the (f) texture. Enable alternatively 
processing of the detailed level value of texture clear ********** mode and the (e) 
texture. Make it possible to search a texture value alternatively from texture detailed 
********** mode and the (d) color look-up table. Specify the type of the theque cell 
in the ********** look-up table mode field and the (c) color look-up table. Specify 
how the texture look-up table TAIPUMODO field and (b) theque cell should be 
sampled. Specify whether the sample type mode field and (a) theque cell should be 
filtered using 2x2 half theque cell interpolation. Specify whether the MIDDOTEKU cell 
mode field and (Z) texture filter should interpolate the theque cell in the pipeline cycle 
0 in bilinear. Specify whether the 1 st BAIRAPU mode field and (Y) texture filter should 
interpolate the theque cell in the pipeline cycle 1 in bilinear. Specify whether color 
conversion of the theque cell outputted from a texture filter between the 2nd 
BAIRAPU mode field and (X) pipeline cycle 0 should be carried out. Enable 
alternatively the theque cell translation-mode field and (W) chroma-key board input. 
Choose the type of the chroma-key ********** mode field and RGB (V2) dithering. 
Choose the type of the RGB dither selection mode field and alpha (V1) dithering. 
Specify the alpha dither selection mode field and (V) blender parameter. Specify 
whether two or more blend mode WORD and the (M) aforementioned blender should 
be made into a compulsive enable. Specify whether it should be used in order that the 
compulsive blend ********** mode field and the (L) scope may determine pixel alpha. 
Specify whether it should be used in order that the scope multiplication was carried 
out [ the scope ] by the alpha scope selection mode field and (K) alpha may determine 
pixel alpha and a scope. Specify the scope Times alpha selection mode field and (J) Z 
buffering. The scope destination mode field which specifies Z mode selection mode 
field and (I) scope destination, (H) Specify whether it should be updated only in the 
place which the color protruded from the scope. Make possible alternatively the color 
mode field of a scope, the (G) color, and/or frame buffer memory access scope 
read-out / correction / write-in. Enable Z-uffer writing alternatively by whether the 
picture read-out ********** mode field and (F) color writing are enabled. In Z update 
********** mode field and (E) depth comparison, specify possible conditional color 
writing. Permit blend ********** using Z comparison ********** mode field and the 
(D) scope. Choose between the ANCHIERIASU ********** mode field, (C) primitive 
depth, and pixel depth. Specify whether Z source selection mode field and (B) random 
noise should be used for alpha comparison, the alpha comparison ********** mode 
field which is on the DIZAARUFA ********** mode field and (A) alpha comparison, 
and enables conditional color writing, and ** — at least one 



[Claim 5] The process containing the step which generates the cycle type mode which 
chooses 1 cycle mode for every pixel, the two-cycle mode for every pixel, copy mode, 
and the display pipeline cycle control mode in fill mode according to claim 4. 
[Claim 6] (1) storage of TEKUSERU in the color look-up table in the brightness alpha 
format which supplies storage, (2) 8-bit brightness value, and the 8-bit alpha value of 
TEKUSERU in the color look-up table in 5— bit red, 5 bits green, 5 bits blue, and the 
1-bit RGBA format of alpha, and ** — the process containing the step which 
generates the texture lookup TAIPUMODO field which chooses either inside 
according to claim 4 

[Claim 7] (1) a point sampling, a (2)2x2 array sampling, and ** — the process 
containing the step which generates the sample type mode field which chooses inner 
either according to claim 4 

[Claim 8] (1) the process containing the step which generates a magic square matrix, 
(2) BEIYA matrix, (3) noises, (4) dithering nothing, and the RGB dither selection mode 
field that is alike and chooses either of the based dithering according to claim 4 
[Claim 9] (1) The process containing the step which generates the alpha dithering 
selection mode field which specifies a predetermined pattern, the negative of a 
predetermined pattern and (2) (3) noise, and dithering based on those without (4) 
dithering according to claim 4. 

[Claim 10] Alternative **** of the 1st blender input between the pipeline cycles 0, 
Alternative increase of the 1st blender input between the pipeline cycles 1, 
Alternative increase of the 2nd blender input between the pipeline cycles 0, 
Alternative increase of the 2nd blender input between the pipeline cycles 1, 
Alternative increase of the 3rd blender input between the pipeline cycles 0, 
Alternative increase of the 3rd blender input between the pipeline cycles 1, The 
process according to claim 4 which contains the step which generates two or more 
blend mode WORD which specifies the blender parameter which specifies alternative 
increase of the 4th blender input between alternative increase of the 4th blender input, 
and the pipeline cycle 1 between the pipeline cycles 0. 

[Claim 11] (1) the operation to a clamp, (2) laps, and all (3) scopes, (4) preservation, 
and ** — the process containing the step which generates the scope destination 
mode field which chooses inner one of scope destination modes according to claim 4 
[Claim 12] (1) opacity, (2) osmosis, (3) transparence, (4) DEKARU, and ** — the 
process containing the step which generates Z mode selection mode field which 
chooses inner one of Z-uffer ring modes according to claim 4 
[Claim 13] The system which generates at least one three-dimensional display 



modal-control command for processing according to a 3-dimensional graphics system 
characterized by providing the following At least one processor At least one memory 
The circuit combined with the aforementioned processor and the aforementioned 
memory in order to supply at least one set mode command ****** and the 
aforementioned set mode command are the 6-bit binary value of 101111. 
[Claim 14] A system including a means to generate the cycle type mode which 
chooses 1 cycle mode for every pixel, the two-cycle mode for every pixel, copy mode, 
and the display pipeline cycle control mode in fill mode according to claim 13. 
[Claim 15] (1) storage of the theque cell in the color look-up table in the brightness 
alpha format which supplies storage, (2) 8-bit brightness value, and the 8— bit alpha 
value of the theque cell in the color look-up table in 5-bit red, 5 bits green, 5 bits blue, 
and the 1-bit RGB A format of alpha, and ** — a system including a means to supply 
the texture lookup TAIPUMODO field which chooses either inside according to claim 
13 

[Claim 16] (Da point sampling, a (2)2x2 array sampling, and ** — a system including 
the circuit which supplies the sample type mode field which chooses inner either 
according to claim 13 

[Claim 17] (1) a system including the circuit which supplies a magic square matrix, (2) 
BE1YA matrix, (3) noises, (4) dithering nothing, and the RGB dither selection mode 
field that is alike and chooses either of the based dithering according to claim 13 
[Claim 18] (1) A system including a means to generate the alpha dithering selection 
mode field which specifies a predetermined pattern, the negative of a predetermined 
pattern and (2) (3) noise, and dithering based on those without (4) dithering according 
to claim 1 3. 

[Claim 19] Alternative increase of the 1st blender input between the pipeline cycles 0, 
Alternative increase of the 1st blender input between the pipeline cycles 1, 
Alternative increase of the 2nd blender input between the pipeline cycles 0, 
Alternative increase of the 2nd blender input between the pipeline cycles 1, 
Alternative increase of the 3rd blender input between the pipeline cycles 0, 
Alternative increase of the 3rd blender input between the pipeline cycles 1, The 
system according to claim 13 which includes a means to generate two or more blend 
mode WORD which specifies the blender parameter which specifies alternative 
increase of the 4th blender input, between alternative increase of the 4th blender 
input, and the pipeline cycle 1 between the pipeline cycles 0. 

[Claim 20] (1) the operation to a clamp, (2) laps, and all (3) scopes, (4) preservation, 
and ** — a system including the circuit which generates the scope destination mode 



field which chooses inner one of scope destination modes according to claim 13 
[Claim 21] (1) opacity, (2) osmosis, (3) transparence, (4) DEKARU, and ** — a system 
including the circuit which supplies Z mode selection mode field which chooses inner 
one of Z-uffer ring modes according to claim 13 

[Claim 22] The 3-dimensional GURAFIKU system characterized by providing the 
following The step which interprets the command identifier field which is the process 
which interprets at least one set mode command, and includes the 6-bit binary value 
of (1 ) 1 01 1 1 1 (2) the following modal-control field — getting it blocked — (k) — 
before reading the following primitive, it specifies whether a primitive is made to write 
in a frame buffer — Choose the atomic primitive mode field and (i) display pipeline 
cycle control mode. Enable alternatively the cycle type mode field and (h) perspective 
texture correction. Enable alternatively detailed processing of the perspective texture 
********** mode field and the (g) texture. Make it possible alternatively to make 
clear the texture detailed mode field and the (f) texture. Enable alternatively 
processing of the detailed level value of texture clear ********** mode and the (e) 
texture. Make it possible to search a texture value alternatively from texture detailed 
********** mode and the (d) color look-up table. Specify the type of TEKUSERU in 
the ********** look-up table mode field and the (c) color look-up table. Specify how 
the texture look-up table TAIPUMODO field and (b) TEKUSERU should be sampled. 
Specify whether the sample type mode field and (a) TEKUSERU should be filtered 
using 2x2 half TEKUSERU interpolation. Specify whether the MIDDOTEKU cell mode 
field and (Z) texture filter should interpolate TEKUSERU in the pipeline cycle 0 in 
bilinear. Specify whether the 1st BAIRAPU mode field and (Y) texture filter should 
interpolate TEKUSERU in the pipeline cycle 1 in bilinear. Specify whether color 
conversion of TEKUSERU outputted from a texture filter between the 2nd BAIRAPU 
mode field and (X) pipeline cycle 0 should be carried out. Enable alternatively the 
TEKUSERU translation-mode field and (W) chroma-key board input. Choose the type 
of the chroma-key ********** mode field arid RGB (V2) dithering. Choose the type 
of the RGB dither selection mode field and alpha (V1) dithering. Specify the alpha 
dither selection mode field and (V) blender parameter. Specify whether two or more 
blend mode WORD and the (M) aforementioned blender should be made into a 
compulsive enable. Specify whether it should be used in order that the compulsive 
blend ********** mode field and the (L) scope may determine pixel alpha. Specify 
whether it should be used in order that the scope which increased by the alpha scope 
selection mode field and (K) alpha may determine pixel alpha and a scope. Specify the 
scope Times alpha selection mode field and (J) Z buffering. The scope destination 



mode field which specifies Z mode selection mode field and (I) scope destination, (H) 
Specify whether it should be updated only in the place which the color protruded from 
the scope. Make possible alternatively the color mode field of a scope, the (G) color, 
and/or frame buffer memory access scope read-out / correction / write-in. Enable 
Z-uffer writing alternatively by whether the picture read-out ********** mode field 
and (F) color writing are enabled. In Z update ********** mode field and (E) depth 
comparison, specify possible conditional color writing. Permit blend ********** using 
Z comparison ********** mode field and the (D) scope. Choose between the 
ANCHIERIASU ********** mode field, (C) primitive depth, and pixel depth. Specify 
whether Z source selection mode field and (B) random noise should be used for alpha 
comparison, the alpha comparison ********** mode field which is on the 
DIZAARUFA ********** mode field and (A) alpha comparison, and enables 
conditional color writing, and ** — with the step which interprets at least one (3) Step 
which generates a picture based on the aforementioned step (2) partially at least 
[Claim 23] The process containing the step which interprets the cycle type mode 
which chooses 1 cycle mode for every pixel, the two-cycle mode for every pixel, copy 
mode, and the display pipeline cycle control mode in fill mode according to claim 22. 
[Claim 24] (1) storage of the theque cell in the color look-up table in the brightness 
alpha format which supplies storage, (2) 8-bit brightness value, and the 8-bit alpha 
value of the theque cell in the color look-up table in 5-bit red, 5 bits green, 5 bits blue, 
and the 1-bit RGB A format of alpha, and ** — the process containing the step which 
interprets the texture lookup TAIPUMODO field which chooses either inside 
according to claim 22 

[Claim 25] (1) a point sampling, a (2)2x2 array sampling, and ** — the process 
containing the step which interprets the sample type mode field which chooses inner 
either according to claim 22 

[Claim 26] (1) the process containing the step which interprets a magic square matrix, 
(2) BEIYA matrix, (3) noises, (4) dithering nothing, and the RGB dither selection mode 
field that is alike and chooses either of the based dithering according to claim 22 
[Claim 27] (1) The process containing the step which interprets the alpha dithering 
selection mode field which specifies a predetermined pattern, the negative of a 
predetermined pattern and (2) (3) noise, and dithering based on those without (4) 
dithering according to claim 22. 

[Claim 28] The 1st blender input is alternatively increased between the pipeline cycles 
0. Alternative increase of the 1st blender input between the pipeline cycles 1, 
Alternative increase of the 2nd blender input between the pipeline cycles 0, 



Alternative increase of the 2nd blender input between the pipeline cycles 1, 
Alternative increase of the 3rd blender input between the pipeline cycles 0, 
Alternative increase of the 3rd blender input between the pipeline cycles 1, 
Alternative increase of the 4th blender input between the pipeline cycles 0, The 
process according to claim 22 which contains the step which interprets two or more 
blend mode WORD which specifies the blender parameter which specifies alternative 
increase of the 4th blender input between the pipeline cycles 1. 

[Claim 29] (1) the operation to a clamp, (2) laps, and all (3) scopes, (4) preservation, 
and ** — the process containing the step which interprets the scope destination 
mode field which chooses inner one of scope destination modes according to claim 22 
[Claim 30] (1) opacity, (2) osmosis, (3) transparence, (4) DEKARU, and ** — the 
process containing the step which interprets Z mode selection mode field which 
chooses inner one of Z-uffer ring modes according to claim 22 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the video 
game system of a low cost, this invention relates to the video game system which can 
project the model concerned on the two-dimensional view flat surface chosen based 
on the view which can model a world by three dimensions and can be changed more at 
a detail. 



[0002] The imaginative power of the background of this invention and [summary] 
human being is stimulated by the visual-sense picture. All these scenes that are not 
forgotten, such as **** which he pictures to himself when a ****** thing and a novel 
are actually read at the thing and night which are seen at the time of sunset, consist 
of visual-sense pictures. Everywhere in historical, people are a pencil or paints or 
tried to record these pictures on videotape. However, people can begin generate 
those pictures now with the advent of a computer with the same clearness as that as 
which the picture was expressed the actual world or in imaginative power, details, and 
an actual feeling. 

[0003] A home video game machine of the computer base like the Nintendo 
entertainment system and the Super Nintendo entertainment system has stored a 
success very much from exciting video graphics being interactively generable. 
However, without needing additional extension hardware, generally these conventional 
video graphic systems operate by two-dimensional, are the methods which were like 
stopping a clipping of flat paper to a bulletin board somewhat, and generate graphical 
display by flat (flat surface) picture expression. Although a very exciting game play 
can generate using the two-dimensional graphic method, 2D system cannot offer the 
realism realized by the 3-dimensional graphic system. 

[0004] 3D graphic system differs from 2D graphics fundamentally. A "world" is 
expressed with the 3D graphic method in 3-dimensional space. This system enables a 
user to choose a view in a world. What this system "projects for" a world based on the 
selected view generates a picture. This result is the true 3-dimensional picture 
equipped with depth and realism. 

[0005] In order [ of such a real 3D picture, for example, a vehicle, that an expert is not 
trusted over many years, an airplane, and a molecule ] overly to generate the dinosaur 
of a minute model (virtual reality which was seen from the cockpit of a jet fighter, or 
the front sheet of the bobsled of the Olympic Games), and a "Jura chic park", the 
supercomputer and the high-end workstation were used. However, the computer 
system needed costs (this exceeds at least the range which an average customer's 
hand reaches) of tens of thousands of dollars until now, in order to generate such a 
picture interactively. 

[0006] The low-cost highly efficient 3D graphic system currently indicated here has 
the intention of giving an opportunity having a dialog inside wonderful 3D world to the 
game player of not only an expert but a large number for the first time by the fully 
characteristic low-cost highly efficient system. It is really several times as wonderful 
more realistic 3-dimensional animation as the power of what home computer system, 



and the great graphics which a player obtains. These all are supplied at cost low 
enough, as it is within limits which an average customer s hand reaches. 
[0007] Some examples of many advantageous features realized by the system by this 
invention below are shown. 

- In order to offer the video game play and other graphics applications of realistic 
dialogue 3D graphics and a low-cost system of a low-price system and/or to generate 
the specific screen effect, In the co-processor and low-cost color-television 
standard system which offers the optimal feature set / architecture, the highly 
efficient 3D graphics, and the digital acoustical treatment for low-price systems which 
are used for a color television receiver Realize quality stereo sound and 3D graphics. 
The technique / composition, and storage with which the signal processor and the 
integrated RAM method shared by graphics digital processing and audio signal 
processing increasing flexibility and all the main system element communicating 
through common use RAM and narrow main memory bus width of face are 
compensated (for example) The code which can be performed from a pocket memorv 
cartridge can load to common RAM. The graphic co-processor which can be loaded to 
that it can access by the main processor through co-processor memory access / 
coupled circuit and microcode storage A graphics function and an audio function are 
called in that - microcode which receives a microcode from a pocket storage is loaded 
by execution of a "boot ROM" instruction in order to give the further flexibility and to 
simplify the trouble of compatibility, and a co-processor. And in order to give an 
interface between a graphics coprocessor and other portions of a system That the 
optimal command and a related format are used, the definition of a specific hardware 
register, - vector unit which offers highly efficient operation with effective graphics of 
the set microcode of a co-processor register, and audio composition / processing in 
which it has a format and the function of relation Giving optimum performance to the 
graphics in a low-cost package and audio digital processing and a pipeline rasterizing 
engine A pin output with few offering every cycle 1 -pixel mode and every cycle 
2-pixel mode, and making hardware cost into the minimum, and offering the abundant 
feature sets and co-processors [0008] [Explanation with suitable detailed example] 
drawing 1 shows the example of the video game system 50 concerning this invention. 
The video game system 50 of this example consists of a main unit 52, video game 
storage 54, and a hand hold controller 56 (or other user input equipments). The main 
unit 52 is connected to the usual home color television receiver 58 in this example. A 
color television receiver 58 displays 3D video game picture on the television screen, 
and reproduces stereo sound by the loudspeaker 62. 



[0009] In this example, the video game storage 54 has taken the form of the memorv 
cartridge which can be inserted in the slot 64 prepared in the upper surface 66 of main 
YUNITTO 52 and which can be removed. The video game storage 54 consists of 
housing 68 of a plastic which contained the read-only memory (ROM) chip 76 inside. 
Read-only memory 76 stores video game software in this example. If the video game 
storage 54 is inserted in the main unit slot 64, electric contact 74 of a cartridge will 
gear with electric contact of the "edge connector" in a main unit. Thereby, the 
read-only memory 76 in the video game storage 54 is electrically connected to the 
electronic circuitry in a main unit 52. 

[0010] "Read-only memory" chip 76 has memorized the software instruction and 
other information about specific video game. The RO memory chip 76 in the video 
game storage 54 stores the instruction for adventure games, and other information. 
The RO memory chip 76 in another video game storage 54 stores the instruction for 
carrying out a driving game, i.e., a car race game, and information. Furthermore, the 
RO memory chip 76 in another video game storage 54 stores the instruction for 
carrying out an educational game, and information. In order to completely carry out 
another game, thereby, the RO memory chip 76 (and the storage of other arbitrary 
circuits is also contained) in the video game storage 54 is connected to a main unit 52 
that the user of the video game system 50 should just insert the only suitable video 
game storage 54 in the main unit slot 64. It enables a main unit 52 to access by this 
the information stored in the RO memory chip 76. This information controls a main 
unit 52 to perform suitable video game by displaying the specified picture on a color 
television receiver 58, and reproducing the sound under control of the video game 
software in read-only memory. 

[001 1] In order to carry out video game by the video game system 50, a user connects 
a main unit 52 to a color television receiver 58 by connecting a cable 78 first. A main 
unit 52 outputs "video" signal and the "audio" signal which control a color television 
receiver 58. "Video" signal controls the picture displayed on the television screen 60, 
and, on the other hand, an "audio" signal is reproduced by the television loudspeaker 
62 as a sound. It is required to use further the unit "RF modulator" between the lines 
of a main unit 52 and a color television receiver 58 depending on the form of a color 
television receiver 58. "RF modulator" (not shown) changes the video and the audio 
output of a main unit 52 into the television signal of a broadcast formula. It is received 
by the "tuner" inside a television television machine, and this television signal is 
processed. 

[001 2] It is also required that a user should connect a main unit 52 to a power supply. 



This power supply is inserted in the electric socket of standard home use, and builds 
in the usual AC adapter (not shown) which transforms a home power supply into the 
low DC voltage suitable for operating a main unit 52. 

[0013] Next, a user connects the hand controllers 56a and 56b to the connector 80 to 
which it corresponds on the front panel 82 of a main unit. The hand controller 56 can 
take various kinds of form. The controller 56 shown in this example is equipped with a 
push button 84 and a direction switch, or other control 86. Since the direction (a top, 
the bottom, left, or right) to which the character displayed for example, on the 
television screen 60 should move is pinpointed, and/or since the view in 3D world is 
specified, the direction switch 86 is used. A joy stick, mouse pointer control, and other 
conventional user input equipments are contained in other possible things. In this 
example, a controller 56 is connectable with a main unit 52 to four, in order to make 
the game of a four-person play possible. 

[0014] Next, a user chooses the video game storage 54 which stores the video game 
which he wants to enjoy, and inserts the video game storage 54 in the slot 64 of a 
main unit (this connects read-only memory 76 to the electronic circuitry of a main 
unit through a printed circuit board 70 and the related edge contact 74). Next, a user 
operates an electric power switch 88 and turns ON the video game system 50. 
Thereby, a main unit 52 starts the play of video game based on the software stored in 
read-only memory 76. A user operates a controller 86, gives an input to a main unit 52, 
and performs the play of video game. For example, a game is started when a user 
pushes one of the push buttons 84. As mentioned above, by operating the direction 
switch 86, the character of animation moves in the different direction on the television 
screen 60, or the view of the user in 3D world changes. Depending on the specific 
video game memorized in the video game storage 54, the various control 84 and 86 on 
a controller 56 can perform the function which is different at time to be different. 
When a user wants to carry out the restart of the play of a game, a user can push a 
reset button 90. 
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EXAMPLE 



[0015] The [example of 3D screen effect] video game system 50 can process the 
model of digital display or a 3-dimensional world on real time to a dialogue so that a 
world (or the part) may be displayed from the arbitrary views in this world. For 
example, the video game system 50 answers real time input from the game controller 
86, and can change a view into a dialogue. For this reason, all the places ordered that 
the inside of a world is moved and a game player goes for example, are seen, it can let 
the view of "the person of imagination" of going there pass, and a game player can 
see a world. This capacity that displays the property of 3D picture on a dialogue on 
real time is ******** about a very real and exciting game play. 

[001 6] drawing 2 (a) - drawing 3 (f) — the video game system 50 — the screen top of 
a color television receiver 58 — ******** — one mere example of the 3-dimensional 
screen effect which can do things is shown Since patent documents cannot print in a 
color, although drawing 2 (a) - drawing 3 (f) are shown by black and white, the video 
game system 50 can display these different screens in a bright color on a color 
television receiver, furthermore, the video game system 50 — operation of the game 
controller 86 — answering — these pictures — real time — very — quick in for 
example, several seconds or dozens of seconds — ******** — things are made 
[001 7] Each of drawing 2 (a) - drawing 3 (f) is generated using 3 dimensional models of 
the "world" expressing the castle which is on the top of a hill. This model consists of 
"textures" (picture memorized by digital one) "is mapped" on the shaped surface 
decided by a geometry (getting it blocked polygon) and this geometry, the video game 
system 50 — suitable — the size of these geometries — deciding — rotating — 
moving — them — " — the realistic picture of the 3-dimensional world which 
projected, unified " and them and was seen from arbitrary views — ******** The 
video game system 50 answers operation of the user by the game controller 86, and 
can perform this on real time to a dialogue. 

[0018] Drawing 2 (a) - drawing 2 (c), and drawing 3 (f) show drawing from the empty of 
the castle seen from four different views. I want to note that each drawing is a 
perspective diagram. The video game system 50 has a little delay that there is no 
delay which can be recognized, drawing (and drawing between them) from these empty 



can be interactively generated in several seconds, and for the reason, drawing from 
these empty appears as if the video game player was actually flying over the castle. 
[001 9] Drawing 2 (d) and drawing 2 (e) show drawing which is the main gate of a castle 
or was looked up at from the ground near it. The video game system 50 answers the 
input of the game controller which "orders to land in front of a castle" a view, and 
orders "the observer of imagination" (person of imagination who moves in 3D world 
that get it blocked and a screen is displayed through the person's eyes), suitable in 
another direction, and generates these drawings on real time in a dialogue. Drawing 2 
(d) shows the example of "texture mapping" that the texture (picture) of a brick wall 
is mapped very much by the wall of a castle in a realistic image at a ******** sake. 
[0020] It is shown that the electronic circuitries in a main unit 52 with main [video 
game system whole electronics] drawing 4 have a main processor 100, a co-processor 
200, and main memory 300. A main processor 100 is a computer which makes the 
video game program supplied to the video game storage 54 run based on the input 
given by the controller 56. A co-processor 200 generates a picture and sound based 
on the instruction and command which were obtained from the main processor 100. 
Main memory 300 is high speed storage which memorizes information required for a 
main processor 100 and a co-processor 200 to operate, and is shared by the main 
processor 100 and the co-processor 200. In this example, all accesses to main 
memory 300 are performed through a co-processor 200. 

[0021] In this example, a main processor 100 accesses a video game program through 
a co-processor 200 with the communication path 102 between a main processor 100 
and a co-processor 200. A main processor 100 can be read from the video game 
storage 54 through another communication path 104 between a co-processor 200 and 
the video game storage 54. A main processor 100 can copy a video game program to 
main memory 300 from the video game storage 54 with a path 106, and, next, can 
access the video game program in main memory 300 through a co-processor 200 and 
paths 102 and 106. 

[0022] A main processor 100 sometimes generates the list of commands which direct 
what should be accomplished to a co-processor 200. In this example, the 
co-processor 200 is equipped with the specific integrated circuit (ASTC) which is the 
exclusive highly efficient application which has the optimized internal design, in order 
to process 3D graphics and a digital audio quickly. A co-processor 200 answers the 
command given by the main processor 100 through the path 102, and generates the 
video and the audio signal which are supplied to a color television receiver 58. A 
co-processor 200 uses the graphics data memorized by main memory 300 and/or the 



video game storage 54, audio data, and other data, and generates a picture and sound. 
[0023] In this example, as for drawing 4, the co-processor 200 shows that it has the 
signal processor 400 and the display processor 500. A signal processor 400 performs 
and embeds geometric processing of graphics, and processing of a digital audio signal 
under control of the "microcode" computer program supplied from the video game 
storage 54, and is a programmable microcontroller. The display processor 500 gives a 
graphics primitive and, thereby, is a ******** high-speed state machine about the 
picture displayed on a color television receiver 58. Although a signal processor 400 
and the display processor 500 operate separately, a signal processor 400 can 
supervise the display processor 500 by sending a graphics command. Both the signal 
processor 400 and the display processor 500 can be controlled directly by the main 
processor 100. The following is the example of the function and operation which can 
perform a signal processor 400 and the display processor 500. 

[0024] The combination and the blend fogging anti-aliasing frame buffer of application 
of the coordinate generating and the texture of the command generating display 
processor raster rye ZESHON texture of signal processor matrix control, 3D 
conversion and lighting . clipping, perspective, and application / display processor of a 
view port, and a filtering and a color, and frame buffer control [0025] Drawing 5 shows 
the main processings performed by the main processor 100 in the video game system 
50 of this example, a co-processor 200, and main memory 300. A main processor 100 
receives an input from the game controller 56, performs the video game program given 
by the video game storage 54, and processes a game (block 120). This gives animation 
and assembles the graphics and audio command which are used by the co-processor 
200. The graphics and sound command which were generated by the main processor 
100 are processed by blocks 122, 124, and 126 (these each is performed by the 
co-processor 200). In this example, a signal processor 400 performs 3D geometrical 
conversion and lighting processing (block 122), and generates the graphics viewing 
command to the display processor 500. the display processor 500 — the primitive (for 
example, a line, a triangle, and a rectangle) of graphics — " — the picture which is 
drawn and is displayed on " and a color television receiver 58 — ******** if the 
display processor 500 is still more nearly required by "rasterizing" each primitive, a 
this "drawing" function or a rendering function will be performed by sticking a texture 
on this (block 126). The display processor 500 performs this processing with the 
speed of millions "a pixel (element of the picture of color television)" very quickly, for 
example, per second. The display processor 500 writes the picture output in the frame 
buffer in main memory 300 (block 128). This frame buffer memorizes the digital display 



of the picture which should be displayed on the television screen 60. Another circuit in 
a co-processor 200 reads information in this frame buffer, and in order to display this 
on a color television receiver 58, it carries out attitude (block 130). 
[0026] A signal processor 400 also processes the sound command inputted from the 
main processor 100 again using a digital audio signal approach (block 124). A signal 
processor 400 writes a digital audio output in the sound buffer in main memory 300. 
Main memory 300 carries out "the buffer (that is, storage)" of this sound output 
temporarily (block 132). Other circuits in a co-processor 200 read in main memory 
300 this sound data by which the buffer was carried out, change this into an electric 
audio signal (the stereo left and right channel), and it is sent to the television 
loudspeakers 62a and 62b, and they reproduce it (block 134). 

[0027] A color television receiver 58 displays per second 30 or the new picture of 60 
sheets. This "frame speed" makes it think that human being's eyes are deceived and 
continuous action is seen, thereby, is that a main unit 52 changes a picture little by 
little for every frame, and can generate the animation effect on the television screen 
60. In order to maintain the frame speed of this television, there is no co-processor 
200, if it is ** in ******** about the new picture of per second 1/30 or 1/60. A 
co-processor 200 can also generate a series of continuation sound with the animation 
effect on the television screen 60. 

[0028] [Operation of whole system] drawing 6 shows operation by the whole video 
game system 50 more to the detail, and since graphics are generated, drawing 7 shows 
all the steps performed by the video game system 50. In this example, a main 
processor 100 reads the video game program 108 memorized by main memory 300 
(generally, this video game program 108 is stored in the video game storage 54 from 
the first, and is copied to main memory 300 from this video game storage 54). 
Answering executing the video game program 108, (reaching and answering an input 
from the game controller 56) a main processor 100 is ******** (or it reads from a 
color television receiver 58) (drawing 7, block 1 20a) about the list 1 1 0 of commands to 
a co-processor 200. Generally this list 110 contains two kinds of commands. 
(1) A graphics command (2) audio command graphics command directs what picture 
should be generated on the television screen 60 to a co-processor 200. An audio 
command directs what sound should be generated to a co-processor 200, in order to 
reproduce by the television loudspeaker 62. 

[0029] Since a co-processor 200 controls what is displayed on the television screen 
60, the list of graphics commands is called "display list." Since the list of audio 
commands controls the sound reproduced by the loudspeaker 62, it is called 



"reproduction list." Generally, a main processor 100 specifies a new display list and a 
new reproduction list to each video "frame" time of a color television receiver 58. 
[0030] In this example, a main processor 100 supplies display/reproduction list 1 10 to 
a co-processor 200 by memorizing the above-mentioned list to main memory 300, and 
next telling a co-processor 200 about the storage location (drawing 7, block 120c). A 
main processor 100 checks that main memory 300 is equipped with the graphic which 
stores all the data needed since the graphics and audio as which the co-processor 
200 was required by display/reproduction list 110 are generated again, and the audio 
database 1 1 2. The thing or all with a graphic and the audio database 1 1 2 can be taken 
out from the video game storage 54. Display/reproduction list 110 specifies whether a 
co-processor 200 should use the portions of a graphic and audio database 1 12 throat. 
A main processor 100 can respond also to checking that the signal processor 400 has 
loaded "the microcode (computer program which, directs what should be made to a 
signal processor by getting it blocked)." 

[0031] A signal processor 400 reads display/reproduction list 1 10 in a main processor 
100 (drawing 7, block 122a), and processes this list (drawing 7 (another data in a 
database 112 are accessed if needed), block 122b). A signal processor 400 generates 
the audio output data 1 14 for storing temporarily in the graphics viewing command 
1 1 2 for the two main outputs, i.e., the further processing by the display processor 500, 
(drawing 7 and block 122c), and main memory 300. A signal processor 400 processes 
audio data in time very shorter than the time required in order to reproduce an audio 
by the loudspeaker 62. Another portion of the co-processor 200 called "audio 
interface" (not shown) reads succeedingly the audio data by which the buffer was 
carried out, and outputs the audio data on real time for reproduction by the television 
loudspeaker 62. 

[0032] A signal processor 400 can supply the graphical display command 112 to the 
direct presentation processor 500 through the internal path of a co-processor 200, or 
writes these graphical display commands in main memory 300 for reference by the 
display processor (not shown). These graphical display commands 1 12 order what the 
geometrical configuration specified with the specified property is drawn for ("a 
rendering is carried out") to the display processor 500 (drawing 7, block 126a). For 
example, as the line, the triangle, or the rectangle (polygon) could be drawn based on 
these graphical display commands 112 and all were specified by the graphical display 
command 112, the display processor 500 can apply a triangle and a rectangle by the 
specific color, and/or can stick a texture 1 16 (for example, leaves or the picture of 
the brick of a brick wall). A main processor 100 memorizes the texture picture 1 16 to 



main memory 300 for access by the display processor 500. In order to instruct directly 
to the display processor 500, a main processor 100 can also write the graphical 
display command 1 12 for reference by the display processor 500 in main memory 300 
directly. 

[0033] The display processor 500 generates the digital display of a picture which 
should appear on the television screen 60 as the output (drawing 7, block 126b). This 
digital image is often called "bit map", and is memorized in the frame buffer 1 18 which 
exists in main memory 300. The display processor 500 is memorized using frame 
buffer 118b in main memory 300, in order to memorize the depth information on a 
picture. Another portion of the co-processor 200 called "video interface" (not shown) 
reads a frame buffer 1 18, and changes it into the video signal which supplies the 
content to a color television receiver 58 (drawing 7, block 127). Generally, the "double 
buffer" of the frame buffer 1 18 is carried out. A co-processor 200 writes the 
"following" picture in the half of a frame buffer 118, and, on the other hand, a double 
buffer means that a video interface reads other halves of a frame buffer 118. 
[0034] The various steps mentioned above by drawing 7 show that "pipeline" 
processing is carried out in this example. A "pipeline" means that different operation 
is performed in the stage where graphics generating processings differ simultaneously, 
an easy example is the method of washing by many persons Washing in non-pipeline 
mode means doing all the related work (the iron to wash and to dry being covered, and 
being folded up and put away) for carrying out 1 lump's washing, before beginning the 
next lump's washing. In order to save time, those who do much washing do "pipeline" 
processing of the process of wash by folding up and performing simultaneously 
operation over which the iron to wash, and to dry is covered of tidying up, to two or 
more lumps' washing. 

[0035] Similarly, in this example, "pipeline" processing of the operation performed 
with a main processor 100, a signal processor 400, the display processor 500, and the 
video interface 210 is carried out. For example, in this example, a main processor 100 
can assemble a display list on two video frames beforehand, and, on the other hand, a 
signal processor 400 and the display processor 500 can process data about one video 
frame beforehand, and the video interface 210 processes the data about the on-going 
present video frame. Pipeline processing is carried out in order that the detailed 
graphics rendering step performed by the display processor 500 by block 126a may 
also make a speed performance the maximum so that it may explain below. 
[0036] System-architecture] drawing 8 more detailed than [shows the more detailed 
architecture of the video game system 50. This drawing shows the video game main 



unit 52. In addition to a main processor 100, a co-processor 200, and main memory 
300, the video game main unit 52 is equipped with the element of an addition of the 
clock generation machine 136, the serial peripheral interface adapter 138, the audio 
digital to analog converter (DAC) 140, the audio amplifier/mixer 142, the video digital 
to analog converter 144, and video encoder 146 grade. 

[0037] In this example, the clock generation machine 136 (this is controlled by the 
quartz resonator 148) generates the timing signal which takes the timing of other 
elements of a main unit 52, and a synchronization. A different main unit element 
requires a different clock frequency, and the clock generation machine 136 gives a 
suitable clock frequency output (or frequency from which a suitable clock frequency is 
obtained by carrying out dividing etc.). The block 216 in a co-processor 200 receives a 
clock signal from the clock generation machine 136, and distributes those clock 
signals to other circuits of each in a co-processor 200 (if required, after carrying out 
dividing suitably). 

[0038] In this example, the game controller 58 is instead connected to the main unit 
52 through the serial peripheral interface adapter 138, although it does not connect 
with the main processor 100 directly. The serial peripheral interface adapter 138 
demultiplexs the serial data signal inputted from the game controller 56 (or other 
serial peripheral devices) to four sets (or five sets), is a predetermined format and 
gives this data to a main processor 100 through a co-processor 200. In this example, 
the serial peripheral interface adapter 138 is bidirection, i.e., the serial peripheral 
interface adapter 138 can transmit the serial information specified by the main 
processor 100 while receiving serial information. 

[0039] In this example, the serial peripheral interface adapter 138 also has the "boot 
ROM" read-only memory 150 which memorizes a little initial program load (IPL) code. 
This IPL code memorized in "boot ROM" 150 is performed by the main processor 100 
at the time of a start and/or reset, in order that a main processor 1 00 may enable it to 
start execution of initial game program instruction 108a in the video game storage 54 
(refer to drawing 9, block 160a, and 160b). Next initial game program instruction 108a 
controls a main processor 100, initializes a driver and a controller required in order to 
access main memory 300 (refer to drawing 9, block 160c, and 160d), and in order to 
perform by the main processor 100 and the co-processor 200 and to use it, it copies 
a video game program and data to the more nearly high-speed main memory 300 
(refer to drawing 9, Blocks 160e and 160f, and 160g). 

[0040] Moreover, the serial peripheral interface adapter 138 is equipped with the 
security processor (for example, another small microprocessor) which communicates 



with the security processor 152 (for example, small microprocessor) of the relation in 
the video game storage 54 in this example (refer to drawing 8). The pair (one side is in 
the video game storage 54, and another side is in a main unit 52) of this security 
processor 152 performs the authentication function to guarantee that only the 
permitted storage can use it with the video game main unit 52. Refer to U.S. Pat. No. 
4,799,635. In addition to performing a security function under control of software, in 
this example, the security processor 152 in the serial peripheral interface adapter 138 
processes the data which received from the game controller 56 under control of 
software. 

[0041] Drawing 8 shows the connector 154 in the video game main unit 52. This 
connector 154 is connected with electric contact 74 of the edge of the printed circuit 
board 70 of the video game storage 54 in this example (refer to drawing 1). Thus, a 
connector 154 connects a co-processor 200 to storage ROM 76 electrically. 
Furthermore, a connector 1 54 connects the storage security processor 1 52 of 
storage to the serial peripheral interface adapter 138 of a main unit. In the specific 
example, although a connector 154 is mainly written in and data and an instruction are 
read in the impossible read-only memory 76, a main unit sends information to the 
video game storage 54, and the main unit 52 is designed so that information can be 
read in the video game storage 54 so that a connector may be bidirection that is,. 
[0042] Drawing 8 shows that it is processed by the electronic circuitry of the 
co-processor 200 exterior, before the audio and video outlet of a co-processor 200 
are sent to a color television receiver 58. In this example, although especially the 
co-processor 200 outputs an audio and a video outlet by the digital format, generally 
the conventional home color television receiver 58 needs an analog audio and a video 
outlet. Therefore, the digital output of a co-processor 200 is changed into analog form. 
DAC140 performs about audio information and this function is performed by VDAC144 
about video information. It is generated in the exterior of a main unit 52, and the 
analog audio output of DAC140 is amplified by the audio amplifier 142 to which 
mixture also carries out the audio signal supplied through the connector 154. The 
analog video outlet of VDAC144 is supplied to the video encoder 146. The video 
encoder 146 changes for example, the "RGB" input signal into a compound video 
outlet. The stereo audio output and the compound video outlet of the video encoder 
146 by which the audio amplifier 142 was amplified are given to the home color 
television receiver 58 through a connector (not shown). 

[0043] As shown in drawing 8, main memory 300 memorizes a video game program in 
the form of CPU instruction 108b. Such CPU instruction 108b is usually copied from 



the video game storage 54. Although CPU 100 of this example can carry out direct 
execution of the instruction from storage ROM 76, it is very larger than the time 
needed for accessing each instruction from main memory 300. [ of the time needed for 
accessing each instruction from ROM ] Therefore, a main processor 100 usually 
copies the game program / data 108a from ROM76 to main memory 300 according to 
the need for a block, and in order to actually execute an instruction, it accesses main 
memory (refer to drawing 9, block 160e, and 160f). Preferably, the main processor 100 
has the internal cache memory, in order to decrease the instruction access time 
further. 

[0044] Drawing 8 shows that the database of the graphic needed in order that the 
video game storage 54 may supply the specific graphic and specific sound of video 
game, and sound data 1 12a is also memorized. A main processor 100 reads graphics 
and sound data 1 1 2a in the video game storage 54 if needed, is the form of the texture 
data 1 16, sound data 1 12b, and graphics data 1 12c, and memorizes these data to main 
memory 300. The display processor 500 is equipped with the internal texture memory 
502 by which the texture data 1 16 are copied to the interior if needed in this example. 
[0045] The co-processor microcode 156 also memorizes the video game storage 54. 
As mentioned above, in this example, a signal processor 400 performs a computer 
program, in order to perform various graphics and audio functions. It is supplied by the 
video game storage 54, this computer program, i.e., a "microcode." microcode ****** 
from which different storage differs since a microcode 156 is given by the video game 
storage 54 — the specific function which things are made and is supplied by the 
co-processor 200 under control of software by this — ******** Generally, when 
starting a signal processor, a main processor 100 copies a part of microcode 156 to 
main memory 300 always, and a signal processor 400 accesses other portions of a 
microcode if needed. A signal processor 400 performs the microcode of the 
instruction memory 402 in a signal processor 400. Since the SP microcode 156 is too 
large to inputting all into the internal instruction memory 402 of a signal processor at 
once, in order that a signal processor 400 may enable it to perform another task, to 
load the portion of a different microcode to the interior instruction memory 402 of 
main memory 300 shell is needed. For example, a part of SP microcode 156 is loaded 
to a signal processor 400 for graphics operation, and, on the other hand, other 
portions of the SP microcode 156 are loaded to a signal processor for audio 
processing. In this example, the signal processor microcode RAM 402 (and additional 
signal processor data memory RAM which is not shown in drawing 8) is mapped by the 
address space of a main processor 100, consequently can carry out direct access of 



the main processor to the content of RAM under control of software according to a 
load instruction and a write-in instruction. 

[0046] [Main processor 100] The main processor 100 in this example is MIPS of 
California and Mountain View (Mountain View). Technologies, MIPS designed by Inc. 
R4300 RISC It is a microprocessor. This R4300 processor is equipped with an integer 
and the 64-bit register file for floating point arithmetics, 16KB of instruction cache, 
8KB of write back data cache, and the EU that has the 32 entry TLB of the virtual 
address / physical address calculating. A main processor 100 executes the CPU 
instruction 108 by the kernel mode by 32 bit addresses. Although 64-bit integer 
operation can be used in this mode, for making a performance into the maximum, its 
32-bit call rule is desirable. Please refer to Heinrich and MIPS microprocessor R4000 
user's manual (MIPS Technologies, Inc, 1994, the 2nd edition) about the information 
beyond this about a main processor 100, for example. 

[0047] A main processor 100 communicates with a co-processor 200 through a bus 
102. The bus 102 is constituted from the 32 bit SysAD multiplex address of bidirection 
/ data bus, the 5 bit wide SysCMD bus of bidirection, the further control line, and the 
timing line by this example. Please refer to Chapter 12 and it of the above-mentioned 
Heinrich manual or subsequent ones. 

[0048] R4300 conventional main processor — six hardware interruption and the one 
interior (timer) — it interrupts and two software interrupts and one non-mask 
interruption (NMI) are supported In this example, three inputs of these six hardware 
interruption inputs (INTO, INT1, and INT2) and the input of this one non-mask 
interruption (NMI) enable other portions of the video game system 50 to interrupt a 
main processor. It connects in order for interruption INTO of a main processor to 
enable a co-processor 200 to interrupt a main processor in detail, it connects in order 
for interruption INT1 of a main processor to enable video game storage 54 to interrupt 
a main processor, and the interruption INT2 and NMI of a main processor is connected 
in order to enable the serial peripheral interface adapter 138 to interrupt a main 
processor 100. When interrupting, a main processor always answers this (reading a 
status register or performing other suitable processings for example) by the suitable 
method with reference to an internal interruption register next, in order to determine 
the cause of the interruption. The NMI interruption input from almost all the serial 
peripheral interface adapters 138 can carry out a mask (it is got blocked and those 
inputs are alternatively made as for a main processor 100 to an enable and a disable 
under control of software). 

[0049] Through the CPU-co-processor bus 102, a main processor 100 reads data in 



the remaining portion of the video game system 50, and writes in data there. A 
co-processor 200 performs a memory-mapping function, and can be made to carry 
out the address of the main processor 100 to "boot ROM" 150 in main memory 300, 
the storage cartridge ROM 76, and the serial peripheral interface adapter 138 (and 
other portions of the serial peripheral interface adapter 138), each portion (for signal 
processor RAM402 to be included) of a co-processor 200, and other portions of the 
video game system 50. 

[0050] In this example, operation performed by the main processor 100 is completely 
dependent on the video game program 108. In this example, all "system" software is 
supplied from storage 58, in order to give the greatest flexibility. Different video game 
(or other applications) is the high-level software of a different kind, and can be 
performed more efficiently. Therefore, the main unit 52 in this example does not offer 
any standard software libraries (or all software libraries). This software library is 
because flexibility may be restricted. Instead, in this example, all software is supplied 
by the video game storage 54. 

[0051] In order that the developer of the video game program 108 may manage various 
kinds of resources in the video game system 50, it may be thought that he wants to 
use new style sorting wear architecture, for example, a device driver, a scheduler, and 
a thread library. Since main processors 100 are the latest RISC processor / computer, 
they are suitable for executing using such a software architecture/composition and 
the video game program 108 in a high-level software environment. 
[0052] The example of the system "a memory map" of the address space of a main 
processor 100 is shown in drawing 10. Main memory 300 is divided into two banks (a 
bank 0 and bank 1) in this example as shown in drawing 10. Furthermore, the register 
307 of the specific composition in main memory 300 is mapped by the address space 
of a main processor 100 like the register in a co-processor 200. A main processor 100 
can control each of various co-processor subblocks by this example by writing in the 
control register relevant to each subblock of a co-processor 200 under control of the 
video game program 108. 

[0053] The address space of the video game storage 54 is divided into two (as 
opposed to two different devices) "fields" as shown in drawing 10. These "fields" is 
mapped by some portions of the address space of a main processor 100. Each portion 
(getting it blocked the PIF boot ROM 150, the PIF buffer RAM, and a PIF status 
register) of the serial peripheral interface adapter 138 is also mapped by the address 
space of a main processor 100. 

[0054] [Integrated main memory 300] The main memory 300 of this example is 



Rambus of California and Mountain View. It consists of the RDRAM dynamic RAM 
which can come to hand from Inc. In this example, although main memory 300 is 
extensible so that the storage capacity to 8 megabytes may be given, in order to lower 
cost, it should ship the main unit 52 by RAM (for example, 2 or 3MB) of small capacity. 
[0055] Main memory 300 gives storage capacity about the video game system 50 
whole in this example. This offers the single address space (refer to drawing 10) which 
memorizes all important data structures including the following data structures (it was 
shown in drawing 8 like). 

- Data which communicated between each part of main processor instruction 108, 
signal processor microcode 156, display list graphic command 110a, reproduction list 
audio command 1 10b, the texture map 1 16, and the working value and system of the 
working value and co-processor of other graphical data 1 1 2c, color picture frame 
buffer 118a, (depth Z) buffer 118b, sound data 112b, audio output-buffer 114, and 
main processors [0056] The advantage and fault which use single address space 
memory architecture for a raster scan display system are known (see the "foundation 
[ of computer graphics ], and practice" 177-178 page (2nd edition Addison-Wesley 
1990) besides Foley). The architecture of a video game (and other graphics) system of 
the former many used the exclusive Video RAM device for graphics data, and used the 
memory device of other form for the data of other form, and had refused the 
architecture of a single address space. However, the integrated main memory 300 
gives many advantages in this specific example of the video game system 50. For 
example, it is as follows. 

[0057] The data communication between system elements is simplified, the overhead 
of the addition at the time of communicating other portions and data of a system, 
once data are memorized by main memory 300 — a few — the need — or it is not 
required at all The overhead which transmits data between the portions from which a 
system differs is made into the minimum. For example, since each subblock in a main 
processor 100 and a co-processor 200 can access the main memory 300 of a system, 
respectively, the main memory 300 used with all system elements in order to 
memorize a data structure can be used also as the general-purpose communication 
channel / a data buffer between elements. 

[0058] For example, direct access of the display list 110 which the main processor 
100 memorized in main memory 300 can be carried out by the signal processor 400. 
Similarly, direct access of the viewing command which the main processor (and/or, 
signal processor) memorized in main memory can be carried out by the display 
processor 500. the working data (automatically written in main memory 300 through a 



"cache flash plate") of a main processor 100 — a system — all — others — it can 
use also for a portion immediately 

[0059] Integrated memory gives the flexibility of memory allocation. It can be used, in 
order for the location of main memory 300 to seem to be alike, therefore for each 
location to memorize the data structure of what form. The determination of all 
allocation of main memory 300 is left to the programmer of application. This is the size 
of a data structure, and the point of use of memory, and gives big flexibility. A data 
structure can be memorized at the arbitrary places in main memory 300, and each 
location of main memory 300 can be assigned even to how in the place which the 
programmer of application pinpointed. 

[0060] For example, a certain video game programmer can determine to use a smaller 
frame buffer so that the large frame buffer for a high resolution picture and/or picture 
scrolling, and panning may be offered and other video game programmers may release 
room to other data structures (for example, a texture or audio data) on the other hand, 
a certain application — many of storage capacity of main memory 300 — an audio 
data structure — and a few can be turned to graphical data and, on the other hand, 
other applications can turn many of storage capacity to graphic related data the same 
video game program 108 can shift memory assignment from a portion with a game play 
to other portions at a dynamic, in order to realize a different effect (for example, when 
a game changes level) The flexibility of application is not restricted by the ball 
hard-wired memory allocation fixed up. 

[0061] Integrated RAM architecture supports the share ring of a flexible data 
structure, and use. Since all important data structures are memorized in the common 
main memory 300, they can all be accessed with a main processor 100 and an 
alien-system element. There is no distinction of hardware between a display image 
and a source picture. For example, if a main processor 100 is required, it can carry out 
direct access of each pixel in a frame buffer 118. The scanning conversion output of 
the display processor 500 can be used as a texture for texture mapping processing. A 
picture source data and the image data by which scanning conversion was carried out 
can exchange in order to realize carrying out the warping of the picture by which 
scanning conversion was carried out in the special effect, for example to a view, 
and/or it can combine. 

[0062] The fault of integrated memory architecture (for example, competition for 
access to the main memory 300 by the portion from which a system differs) was made 
into the minimum by the careful system design. Although main memory 300 is 
accessed through the single narrow (9-bit width of face) bus 106 in this example, 



permission bandwidth is realized by making a bus very high-speed (to for example, 
240MHz order). The video game system 50 whole is equipped with the data cache so 
that a margin to wait for main memory 300 to become usable may be given to each 
sub element more. 

[0063] [Co-processor 200] drawing 8 shows that the co-processor 200 is equipped 
with some elements in addition to a signal processor 400 and the display processor 
500. That is, they are the following elements. 

- CPU interface 202 and serial interface 204- parallel — the DRAM controller / 
interface 212, main interface bus 214, and the timing block 216 of 
peripheral-interface-adapter 206, audio interface 208, video interface 210, and main 
memory — in this example, the main bus 214 makes possible the thing of the main 
various elements in a co-processor 200 communicated mutually, respectively 
[0064] It is shown that drawing 1 1 is more detailed drawing of a co-processor 200, and 
is the meeting of the processor that a co-processor 200 operates in parallel [ all 
become active simultaneously and ], a memory interface, and a control logic. The 
following explains briefly all the functions of other subblocks of these of a 
co-processor 200 that are alike, respectively and are offered more. 

- A signal processor 400 is a microcode-ized engine which performs the task of an 
audio and graphics. 

- The display processor 500 is a graphics display pipeline who does a rendering to a 
frame buffer 1 1 8. 

- The co-processor serial interface 204 gives the interface between the serial 
peripheral interface adapter 128 and a co-processor 200 in this example. 

- The co-processor parallel peripheral interface adapter 206 interfaces with the video 
game storage 54 or other parallel devices which were connected to the connector 154. 

- The audio interface 208 reads information in the audio buffer 1 14 in main memory 
300, and outputs it to an audio DAC 140. 

- The co-processor video interface 210 reads information in frame buffer 1 18a in main 
memory 300, and outputs it to video DAC 144. 

- The CPU interface 202 is the gate between the remaining portions of a main 
processor 100, a co-processor 200, and the video game system 50. 

- A DRAM controller / interface 212 is paths where a co-processor 200 (and main 
processor 100) accesses main memory 300 through this. The memory interface 212 
gives access to main memory 300 to a main processor 100, a signal processor 400, the 
display processor 500, the video interface 210, the audio interface 208, a serial, and 
parallel interfaces 204 and 206. 



Various processors and each of an interface become active simultaneously. 
[0065] In this example, the signal processor 400 has the instruction memory 402, data 
memory 404, the above-mentioned Scala processing unit 410, and the 
above-mentioned vector-processing unit 420. The instruction memory 402 has 
memorized the microcode for execution by the Scala processing unit 410 and/or the 
vector-processing unit 420. Data memory 404 has memorized the input data, the work 
data, and the output data to the Scala processing unit 410 and the vector-processing 
unit 420. In this example, although a signal processor 400 executes only the 
instruction from the instruction memory 402, it is accessed to main memory 300 with 
a direct-memory-access (DMA) method. 

[0066] At this example, the Scala processing unit 410 is MIPS. It is the 
general-purpose integer processor which performs the subset of the instruction set 
of R4000. This is used in order to do the general-purpose work specified by the 
microcode in the instruction memory 402. The vector-processing unit 420 consists of 
eight 16-bit calculation elements which can perform numerical calculation in parallel. 
Especially the vector-processing unit 420 is suitable for graphics matrix calculation 
and digital audio signal processing work of a certain kind. 

[0067] The display processor 500 is the graphics display pipeline engine who makes 
the digital display of a display image perform in this example. This operates based on 
the graphics viewing command generated by the signal processor 400 and/or the main 
processor 100. In addition to the texture memory 502, the display processor 500 is 
equipped with a rasterizer 504, the texture unit 506, the color combiner 508, the 
blender 510, and the memory interface 512. Simply, a rasterizer 504 rasterizes a 
polygonal (for example, a triangle and a rectangle) geometric primitive, in order to 
determine, which pixel on the display screen 60 is within the limits of these primitives, 
and. The texture unit 506 sticks the texture map memorized in the texture memory 
502 on the texture field decided by the primitive edge equation solved by the 
rasterizer 504. The color combiner 508 combines the color of a texture, and the color 
relevant to a graphic primitive, and interpolates the meantime. A blender 510 blends 
the obtained pixel and the pixel in a frame buffer 1 18 (the pixel in a frame buffer is 
accessed through the memory interface 512), and concentrates also on performing Z 
buffering (getting it blocked hidden surface removal and anti-aliasing operation). It 
reads, and correction and write-in operation are performed, and texture memory 502 
is loaded / copied, a rectangle is corrected (high-speed clearance), and the memory 
interface 512 has the special mode to each pixel in which a multiplex pixel is copied to 
a frame buffer 118 from the texture memory 502. The memory interface 512 has one 



or more pixel caches, in order to reduce the number of times of access to main 
memory 300. 

[0068] The display processor 500 has the circuit 514 which memorizes the state of a 
display processor. This status information is used by the remaining portion of the 
display processor 500 in order that the rendering of all precedence that chooses for 
example, rendering mode and is performed by mode change may ensure generating 
before mode change is performed. 

[0069] The command list for display processor 500 usually carries out direct ingress 
of the signal processor from a signal processor 400 through exclusive "X bus" 218 
linked to a display processor. In detail, in this example, the X bus 218 is used in order 
to transmit a graphics viewing command to the command buffer in the display 
processor 500 (not shown to drawing 11) from the signal processor memory 404 for 
processing by the display processor 500. However, in this example, a signal processor 
400 and/or a main processor 100 can also supply a graphics viewing command to the 
display processor 500 through main memory 300. 

[0070] The display processor 500 is loaded to the internal texture memory 502, reads 
a frame buffer 118 for a blend, reads Z-uffer 118B for depth comparison, writes it in 
Z-uffer and a frame buffer, and in order to read the arbitrary graphics viewing 
commands memorized by main memory, a physical address is used for it and it 
accesses main memory 300. 

[0071] [Interior bus architecture of co-processor] drawing 12 is detailed drawing 
rather than the example of the composition of the co-processor bus 214 is shown. 
This composition consists of 32 bit-address ("C") bus 21 4C and 64-bit data ("D") 
bus 21 4D in this example. These buses 21 4C and 21 4D are connected to each of a 
signal processor 400, the display processor 500, the CPU interface 202, the audio 
interface 208, the video interface 210, a serial interface 204, the parallel peripheral 
interface adapter 206, and the main memory (RAM) interface 212. As shown in drawing 
12, each subblock of a main processor 100 and a co-processor 200 communicates 
with main memory 300 through the internal co-processor buses 21 4C and 214D, and 
the main memory interface / controllers 212a/212b. 

[0072] In this example, in order to communicate through the 9-bit wide main memory 
multiplex address / data bus 106, a main memory interface / controllers 212a/212b 
change into a 9-bit wide format the main memory address which appeared on 
co-processor address bus 21 4C, and perform conversion with the 9-bit wide data 
format of the main memory bus 106, and the 64-bit wide data format of co-processor 
data bus 21 4D. At this example, a DRAM controller / interface 212 is Rambus as the 



part. It has the conventional RAM controller 212b (refer to drawing 12) offered by Inc. 
By use of the main memory bus 106 of 9-bit width of face, the number of chip pins of 
a co-processor 200 is reduced. 

[0073] In this example, the subblock of illustration of each co-processor 200 has the 
direct-memory-access (DMA) circuit of relation which makes it possible to carry out 
the address to main memory 300, and to access it uniquely. For example The single 
processor DMA circuit 454, Each of the display processor DMA circuit 518, the audio 
interface DMA circuit 1200, the video interface DMA circuit 900, the serial interface 
DMA circuit 1300, and the parallel peripheral-interface-adapter DMA circuit 1400 The 
co-processor subblock of relation generates the address on co-processor address 
bus 21 4C. And it makes it possible to communicate data through co-processor 
address bus 21 4D (in order that the display processor 500 may access a frame buffer 
118 and the texture data 116 further). It has another memory interface block 512. 
[0074] Although the subblock of each co-processor 200 can access main memory 300 
uniquely, in this example, they are sharing common buses 21 4C and 21 4D. Moreover, 
only one of the subblocks can use those common buses at once. Therefore, the 
co-processor 200 is designed so that those common buses 214 may be used most 
efficiently. For example, the subblock of a co-processor 200 can carry out a buffer or 
the ''cache" of the information so that different bus access frequency by the same 
subblock may be made into the minimum and a subblock may have a margin more to 
temporary bus use impotentia. A signal processor 400 enables it, as for a dedicated 
bus 218, to communicate that the main bus 214 becomes usable with the display 
processor 500, without waiting. 

[0075] As shown in drawing 12, each subblock of a co-processor 200 contains the 
control/status register which can be accessed by the main processor 100 through the 
CPU interface 202. For example, the signal processor register 407, the display 
processor register 507, the audio interface register 1207, the video interface register 
907, the serial interface register 1307, the parallel peripheral-interface-adapter 
register 206, RAM interface register 1007a, and RAM controller register 1007b are 
mapped by the address space of a main processor 100, respectively. Then, in order to 
control directly operation of the subblock in a co-processor 200, under control of the 
video game program 108, a main processor 100 can read these various registers, 
and/or can write them in. 

[0076] [Signal processor 400] drawing 13 shows the architecture of the signal 
processor 400 of this example in more detail. As mentioned above, the signal 
processor 400 is equipped with the Scala unit 410, the vector unit 420, the instruction 



memory 402, and data memory 404. In this example, the Scala unit 410 is 32 
binary-integer processor which performs the subset of MIPS4000 instruction set (it 
defines as the bottom of the architecture of MIPS4000 as a "CP1" co-processor of 
the Scala unit 410). The vector unit 420 performs integer calculation (for example, 
multiplication, addition, subtraction, and composite/accumulation) in parallel about the 
value of eight bits sets [16]. 

[0077] The vector unit 420 can perform the same operation simultaneously in parallel 
about eight pairs of 16-bit operands. Thereby, a signal processor 400 comes to suit a 
"sum of product" operation, for example, matrix multiplication, texture re-sampling, 
audio digital signal processing, for example, digital audio composition, and space / 
frequency filtering especially. 

[0078] The signal processor 400 is using RISC (RIDEYUSU instruction set computer) 
architecture, in order to perform highly efficient machine control based on the 
instruction which exists in the instruction memory 402. The EU is equipped with the 
program counter 432 used in order to carry out the address to the instruction memory 
402 through a path 434 in this example. Although to arrange first all instructions that 
should be executed by the signal processor 400 in the instruction memory 402 is 
needed in this example, a program counter 432 can access only the 4-K byte 
instruction space in the instruction memory 402. EU 430 generates the output-control 
signal 436 based on the specific instruction executed now. The output-control signal 
436 controls other all of signal processors 400, and it is set in order in order to 
manage pipeline instruction processing. The Scala unit 410 and the vector unit 420 are 
controlled by these control signals 436. For example, the address of the Scala unit 410 
is carried out to data memory 404 through a path 438, and it reads data in data 
memory 404 using loading / storage block 440, and/or writes data there. A data path 
414 tests according to the result of an operation, and gives the obtained status out 
put to EU 430 through a path 442. EU 430 uses these status out puts, performs a 
conditional branch or a jump, and loads the program counter 432 which has the 
suitable address (degree) to the instruction memory 402. Since the Scala unit 410 is 
equipped with such broader capacity, in addition to a 32-bit integer arithmetic, the 
Scala unit 410 is used for general-purpose functions, such as flows of control and 
address computation, in this example. 

[0079] EU 430 is Standard MIPS. According to R4000 instruction set, middle, a jump, 
and a register instruction format are performed. Drawing 14 (a) shows how one 
example of the register instruction format 450 is shown, and a signal processor 400 
accesses three 128-bit wide WORD 452 in data memory 404 using this register 



instruction format. The register instruction format 450 has the 6-bit operation-code 
field 450(a) 5-bit source register regulation child 450 (b) and 5-bit target 
(source/destination) register regulation child 450(c) 5-bit destination register 
regulation child 450 (d) and the parameter field 450 (e). A parameter field 450 (e) can 
specify a shift amount and/or a function, and the operation-code field 450 (a) defines 
further the operation which should be performed. Each of the field 450 (b) t 450 (c), and 
450 (d) specifies the location in data memory 404, and each specifies a 128-bit word. 
[0080] The vector unit 420 treats each of a 1 28-bit word as a connection sequence of 
eight 16-bit values, and calculates each of a 16-bit value in parallel as shown in 
drawing 14 (b). The operation of the vector unit 420 is usually MIPS. It is called by the 
instruction in CP1 type instruction stored in R4000 instruction set for the floating 
point arithmetic (in this example, the signal processor 400 does not have the floating 
point unit). 

[0081] The Scala unit 410 has the register file 412 which builds in 32 registers. Each 
register is 32-bit width of face. The Scala unit 410 has the data path 414 which 
includes an integer arithmetic and other operations for an adder circuit required for an 
execution sake, a shift circuit, and other logical circuits. A register file 412 is MIPS. It 
is the same as that of the general-purpose register file defined by R4000 architecture, 
and the instruction in R4000 format is received. A data path 414 is equipped with an 
integer multiplier / divider, and operates with EU 430 which receives a 64-bit 
width-oMace instruction from the instruction memory 402. 

[0082] the vector unit 420 — 8 sets of register file 422 (0) - it has 422 (7) and 8 sets 
of correspondence data path 423(0) -423(7) The data path 423 has the 16-bit 
multiplier, the 16-bit adder, and the 48-bit accumulator, respectively (48-bit 
accumulation also suits the partial product for which a series of 16-bit multipliers and 
sums are used, in order to obtain a 32-bit result to the graphics operation which an 
audio filter is fitted to many taps, and requires beyond 16-bit precision). Each of a 
register file 422 has the register of 32-bit width of face of 32 pieces. The data path 
444 of 128-bit width of face connects the vector unit 420 to loading / storage block 
440, and the data path 446 of another 128-bit width of face connects loading / 
storage block 440 to data memory 404. Data memory 404 memorizes 4096 (4KB) 
words, and each word is 128-bit width of face. It is sliced by eight 16-bit segments 
when the word in data memory 404 is searched for use by the vector unit 420. Each 
segment is sent to another register file 422 in the vector unit 420 (refer to drawing 14 
(b)). Drawing 14 (c) shows the example of the add operation performed by the vector 
unit 420. When the vector unit 420 writes in the destination by which addressing was 



carried out within data memory 404, before [ a register file 422 ] being written in data 
memory, it becomes 16 bits combined with a 128-bit word, respectively (refer to 
drawing 14 (a)). Moreover, loading / storage block 440 is equipped with ******** 
steering multiplexer structure (not shown) for 16-bit sub language from another 
register file 422 or another register file 422 among the 128-bit words in data memory. 
Under the present circumstances, specific sub language and a specific specific vector 
unit register file can be chosen based on the instruction from the instruction memory 
402. the data unit (for example, a byte, 16-bit half language, or a 32-bit word) of the 
size from which similarly loading / storage block 440 differs between data memory 408 
and the Scala unit 410 — ******** — it has another steering multiplexer structure 
(not shown) Under the present circumstances, a specific data unit and specific size 
can be specified by the instruction in the instruction memory 402. For example, 
Heinrich, MIPS Refer to loading of the "byte" in R4000 microprocessor user's manual 
(2nd edition . 1994), a "halfword", "WORD", the "WORD left", and a "WORD light", 
and the publication of storage. 

[0083] The signal processor 400 has DMA controller 454 and the CPU control register 
456. In order to connect with the interior bus 214 of a co-processor and to transmit 
data to the instruction memory 402 and/or data memory 404, or since data are 
transmitted from the instruction memory 402 and/or data memory 404, DMA 
controller 454 is used. For example, DMA controller 454 can copy the microcode 
module 156 to the signal processor instruction memory 402 from main memory 300. 
DMA controller 454 is used in order to transmit information between data memory 404 
and main memory 300 again. It is ordered by EU 430 and DMA controller 454 receives 
the DMA address and data information from the Scala unit data path 414 through a 
path 438. DMA controller 454 is ordered by the main, processor 100 through the CPU 
control register 456 again. The CPU control register 456 is mapped by the address 
space of a main processor 100, and is accessed by a signal processor 400 and EU 430 
using a MIPS"CP0" instruction format. 

[0084] Drawing 15 (d) - drawing 16 (I) show the example of the CPU control register 
756. The register shown in drawing 15 (d) - drawing 15 (h) is used in order to control 
and/or supervise DMA controller 454. 

[0085] for example, SP-DRAM shown in drawing 15 (d) Since it is written in by the 
main processor 100 (SP EU 430 — the same), or is read and the start DMA address in 
the instruction memory 402 or data memory 404 is specified, the DMA address 
register 458 is used. Since the start DMA address in main memory 300 is specified, 
the SP memory DMA address 460 shown in drawing 15 (e) is used. Reading and the 



write-in DMA length registers 462 and 464 which were shown in drawing 15 (f) and 
drawing 15 (g) specify the length of the data block which should be transmitted 
between a signal processor 400 and main memory 300, respectively. Which one side of 
these two registers since the block length is specified, should be used responds, and 
the direction of a transfer is decided. The DMA status registers 466 and 468 shown in 
drawing 15 (h) - drawing 15 (i) are read by the main processor 100 in order to 
determine whether DMA controller 454 is full, i.e., a busy, respectively. 
[0086] Drawing 16 (j) shows the main SP status register 470 in the CPU control 
register 456. The SP status register 470 acts as an SP control register, when written 
in by the main processor 100 (above figure in drawing 16 0)). and when read by the 
main processor 100, it directs SP state (the following figure in drawing 16 0))- When 
used as a status register, the SP status register 470 is. (field 472) [ whether SP is 
stopped or (field 471) SP is operating in breakpoint mode, and ] [ whether DMA 
controller 454 is a busy (field 474) or full (field 475) and ] (field 477) [ whether SPI/O 
is full or (field 476) SP is operating by single step mode, and ] In order that it may 
operate in the mode in which it does not interrupt when SP reaches a break point or 
(field 478) SP may give the state about various software dependence parameters A 
main processor 100 is told about whether various wide use "signal" 479 which the 
bottom of control of software can define were generated. A main processor 100 stops 
or starts a signal processor 400 by writing in a register 470 (fields 480 and 481). Break 
point mode can be cleared (field 482), interruption mode can be cleared or set (fields 
483 and 484), single step mode can be cleared or set (fields 485 and 486), and 
interruption can be cleared or set in break point mode (fields 487 and 488), and 
various software dependence "a signal" can be cleared or set. 

[0087] Drawing 16 (k) shows another SP register 491 used as a "semaphore" for the 
general-purpose communication between a main processor 100 and a signal 
processor 400. The SP register 491 was set when a main processor 100 read a 
register, and it is equipped with the flag cleared in case it writes in a register. A signal 
processor 400 can also set or clear this flag. 

[0088] Drawing 16 (I) shows the BIST status register 492 of SP instruction memory. A 
BIST state is shown when the BIST status register 492 is used as a BIST control 
register when written in by the main processor 100 (above figure in drawing 16 (I)), and 
read by the main processor 100 (the following figure in drawing 16 (I)). A program 
counter 432 is preferably mapped by the CPU control register 456 again so that it may 
be written in by the main processor 100 and can be read. 
[0089] The specific function which the [microcode of signal processor] signal 



processor 400 performs is decided by the SP microcode 156 given by the video game 
storage 54. In this example, the SP microcode 156 gives both graphics and an audio 
processing facility. As mentioned above, the main task performed by the signal 
processor 400 to graphics operation includes reading of a display list, execution of 3D 
geometrical conversion and a lighting operation, and generating of the correspondence 
graphics viewing command used by the display processor 500. In a detail, a signal 
processor 400 performs all the following graphics functions under control of a 
microcode 156 more. 

- The setup flow control signal processor 400 of a definition / loading clipping of a 
definition and peak generating of the processing and the matrix of a display list, and a 
lighting texture, and a curling and a display processor command performs all the 
following functions under control of a microcode 156, in order to process an audio. 

- Writing of a digital audio sample to processing and digital audio composition / 
processing, and the main memory audio buffer 1 14 of a reproduction list [0090] The 
[task list] main processor 100 tells a signal processor 400 about what should be made 
by giving a task list to a signal processor. The program of the microcode 156 which 
runs on a signal processor 400 is called task. A main processor 100 (and video game 
program 108 supplied by the video game storage 54) can respond to carrying out 
scheduling of the task on a signal processor 400, and calling it. This task list includes 
all information required for a signal processor 400 to perform a task including the 
pointer about the routine of the microcode 1 56 required to run to the well which 
performs a task. A main processor 100 supplies this task list under control of the 
video game program 108. 

[0091] Drawing 17 shows one example of a task list 250. Refer to 1 or one or more 
display lists, and/or the reproduction list 1 10 for this task list 250. Refer to the 
another data structure which next includes other display lists or a reproduction list for 
this display list and/or the reproduction list 1 10. A display list 110 can specify an 
another display list and/or another graphical data. Similarly, refer to another 
reproduction list and/or the sound data for a reproduction list. In this example, a 
display list and a reproduction list can be considered as a hierarchy data structure of 
the depth to 10 level. A signal processor 400 processes the display list of a stack, and 
a reproduction list, and pushes and carries out pop [ of the pointer of the present 
display list ]. All display lists are ended by " and" command. For example, refer to 
other display lists 1 1 0 (2) for the display list 110 (1 ) shown in drawing 1 7. Refer to the 
graphical data 112 needed in order to perform this list for a display list 110 (2). 
Similarly, refer to the sound data 1 12b for the reproduction list 1 10 (4) shown in 



drawing 17. 

[0092] It is desirable to carry out the "double buffer" only of the portion of the display 
list 110 which changes for every frame about graphics animation. Thus, it is required 
to carry out the "double buffer" only of the data which change to the degree of a 
frame, it does in this way and space can be secured in main memory 300. The 
swapping between double buffers is effectively performed changing the segment base 
address in a task list 250, and by organizing a hierarchization display list by the 
efficient method appropriately. The fragmentation of a display list or a display list can 
be connected with one because of still more efficient memory use. 
[0093] Drawing 18 shows the example of the processing performed by the main 
processor 100, in order to call processing of a new task list by the signal processor 
400. A main processor 100 loads a task (display) list in main memory 300 first (block 
601). A main processor 100 stops a signal processor 400 by writing in the SP status 
register 470 next, and/or reading in there (block 602 (or it checks in order to 
guarantee that the signal processor was stopped)). Next, a main processor 100 is 
written in the SPDMA registers 458, 460, and 462, and loads an initial microcode 
module to the instruction memory 402 of a signal processor (block 604, drawing 18). 
Next, a main processor 100 memorizes the address in the main memory 300 of the 
task (display) list loaded by block 601 to the data memory 404 of a signal processor 
(block 606, drawing 18). A main processor 100 writes this in the SP status register 470, 
in order to reset the program counter 432 of a signal processor next (block 608, 
drawing 18) and to start a signal processor 400 (block 610, drawing 18). Next, a signal 
processor 400 uses DMA controller 454, in order to usually incorporate a task 
(display) list from main memory 300 to data memory 404. 

[0094] A start of the signal processor 400 equipped with the task list advances 
execution of each operation demanded by the task list. A signal processor 400 waits 
to continue performing a task list until processing reaches the end of a task list, and 
to suspend processing in the time of an end, and for a main processor 100 to give a 
new task list. Generally, although a main processor 100 gives a new task list only at 
once about each video frame, as mentioned above, in many cases, the display and/or 
reproduction list of task lists which reach in part and/or a task list refers to actually 
change for every frame. The "double buffer" of the portion of the task list in main 
memory 300 is carried out, therefore a main processor 100 can be written in a certain 
buffer, and, on the other hand, can read a signal processor 400 in another buffer. 
Before the following video frame, a main processor 100 changes a pointer and gives 
access to a new buffer at a signal processor 400. 



[0095] When a signal processor 400 performs a task list, SP microcode 156 another 
module is searched from main memory 300 if needed [ of performing a specific task ]. 
For example, a signal processor 400 uses the DMA facility 454, loads a specific 
graphic microcode to the instruction memory 402, and executes the graphic command 
specified by the task list. Similarly, a signal processor 400 searches and loads an audio 
processing microcode routine, and performs audio processing specified by the task list. 
It is loaded if needed, different microcode routine, i.e., "overlay", and it processes the 
graphics of a specific form, and/or audio processing operation still the more nearly 
optimal. As one example, a signal processor 400 loads a special lighting graphics 
routine as overlay, performs specific lighting operation, and loads a clipping routine, i.e., 
overlay, and performs specific curling operation. Since the instruction memory 402 of 
a signal processor is designed so that it may not have sufficient size to memorize all 
of the SP microcodes 156 and a signal processor 400 can execute only the instruction 
from the internal instruction memory, it is required for a signal processor 400 during 
one execution of a task list 250 loading and RIRODINGU [ a microcode ]. 
[0096] Drawing 19 shows the example of the simplified graphics operation performed 
by the signal processor 400 based on a display list 1 10. In this simplified processing, a 
signal processor 400 is first ordered to perform a display list 1 10, and it sets the 
various attributes which define the whole graphics picture in which a rendering should 
be carried out by the co-processor. These attributes contain shading, a lighting, Z 
buffering, texture generating, fogging, and curling (drawing 19, block 612). Below, a 
signal processor 400 is ordered to perform a display list 1 10, and it defines modeling / 
viewing matrix, and a projection matrix (drawing 19, block 614). If a matrix suitable at 
once is defined, a signal processor 400 will be ordered to perform a display list 1 10, 
and the set of the peak will be changed based on the attribute set by block 612 based 
on the modeling / viewing matrix, and the projection matrix which were defined by 
block 614 (drawing 19, block 616). Finally, a signal processor 400 is ordered to perform 
a display list 1 10, and the graphical display (for example, triangle) command it is 
directed to the display processor 500 that carries out the rendering of the primitive is 
generated based on the vertex generated by block 616, and the attribute set by block 
612 (drawing 19, block 618). A signal processor 400 answers Step 618 and transmits 
the display processor command (address of the command which it was got blocked 
and the signal processor 400 memorized in data memory 404 or main memory 300) 
generated for access and execution by the display processor 500. 
[0097] Drawing 20 shows the whole processing 620 performed by the graphic 
microcode 156 of a signal processor 400, in order to process a display list 1 10 (for 



example, in order to perform processing of the form shown in drawing 19). A signal 
processor 400 receives the following display list command, and it determines it in what 
kind of command (drawing 20, block 622). Generally the display list command of this 
example has five different form. 

- The attribute command, the display processor command matrix command, vertex 
command, and triangle command flow control command of a signal processor [0098] 
As the signal processor 400 was specified by the command as a display list command 
is an attribute command of a signal processor, the attribute of a signal processor is 
set (drawing 20, block 624). SP attribute command of the following form is defined by 
this example. 

- Below shading, a lighting, and Z buffering texture ring fogging curling are the 
examples of SP attribute command format and a definition of relation. 
[0099] [The attribute command of a signal processor] 

G SETGEOMETRYMODE: [Table 1] 

This command "sets" a thing with a rendering pipeline state. This state is held within 
a signal processor 400, and a user is provided with a set / clear interface. The bit 
which is in "ON" in the command field is turned ON by the internal state. 
G Make a SHADE vertex shading possible or make usable the primitive color which 
carries out the paint of the polygon (at the time of a default, it is a vertex shading). 
G LIGHTING lighting calculation is enabled. 

G Make possible SHADING SMOOTH smooth jamming flat shading (at the time of a 
default, it is flat shading by the clearance of this bit). 
G ZBUFFERZ buffer depth calculation is enabled. 

G Automatic generating of the TEXTURE GEN texture coordinates S and T is enabled. 
After conversion, in order that globular form mapping may transpose S and the T value 
which were given at the beginning to the peak, it is used. 

G Make usable the fog coefficient by which FOG generating should be carried out, and 

replace peak alpha. If alpha is large, it will become FOGI to distance more. 

G Make possible linearization of the texture coordinate generated when TEXTURE 

GEN LINEARG TEXTURE GEN is set. For example, thereby, a panorama texture map 

becomes usable at the time of execution of environmental mapping. 

G Generating of a details level (LOD) value is enabled for possible and texture edge 

mode at the texture by which the LOD MIPPU map was carried out. 

A G_CULL FRONT positive polygon is chosen. 

G Choose a CULL BACK backward polygon. 

[0100] G Although it is the same as CLEARGEOMETRYMODE:G 



SETGEOMETRYMODE, this command "clears" some of some things of a rendering 
pipeline state (the bit which is in "ON" in the command field is turned OFF by the 
internal state). 
[0101] G LIGHT: [Table 2] 

This command sends light to a rendering pipeline. In addition to ambient light, there is 
a directive (a number was assigned with 1-7) light to seven. A parameter specifies the 
number (n) of the light which should be transposed to this optical description. How 
many should be used among eight light, and since it specifies, the G NUM LIGHTS 
command is used. If the number of the specified light N Becomes, N light (1-N) should 
be used and the N+1st light will be ambient light. The "parameter" field should be set 
based on the value currently held data memory 404+(n~1) x2. 
[0102] Ambient light should be defined by a color r, i.e., light, Light g, and Light b 
(sign~less 8 binary integers), and this should be set to the color of the ambient light 
multiplexed by the color for drawing (when the lighting of the object by which texture 
mapping was carried out is carried out, the color of ambient light is used). (As ambient 
light, Light x, Light y, and optical z field are disregarded.) In this example, ambient light 
cannot turn OFF other than specifying black. 

[0103] A directive light should be defined by a color r, i.e., light, Light g, and Light b 
(sign-less 8 binary integers), and this should be set to the color of the light source 
multiplexed like ambient light by the color for drawing. A directive light also has a 
direction. Light x, Light y, and optical z field (8— bit decimal with a sign which has a 
7-bit decimal) show the direction of [ from the object to illuminate ]. (when G 
LIGHTTNG is made usable by the G SETGEOMETRYMODE command) There is a 
directive light made at least one ON. However, when the color is black, there is no 
influence in a scene. 

[0104] Even when the number of light is not changed, the G NUM LIGHTS command 
should always be used before the following G VTX command after the G<U>LIGHT 
command. 

[0105] G NUM LIGHT: [Table 3] 

This command determines how many light should be used. This should always be used 
before the following G VTX command after the G LIGHT command. This parameter 
specifies the number of seven or less or more at least 1 sources of the diffused light 
(N). The source of ambient light is N+1 light, and the directive light source is the light 
by which a number was assigned to N from 1. 
[0106] G SETOTHERMODE H: [Table 4] 

This command sets the high WORD in the others [ " / in blending, a texture ring, and 



the display processor 500 containing the parameter of a frame buffer]" mode, a signal 
processor — 400 — being easy — a set command — an interface — being shown — 
a sake — a display — a processor — 500 — inside — " — others — " — a state — 
highness — and — a low — WORD — memorizing — **** . It is analyzed by the 
signal processor 400 and this command is interpreted, although it is the command of a 
display processor. Therefore, this command cannot perform probably sending to a 
display processor directly, without letting a signal processor pass. 
[0107] Since the following masks are constituted, the shift in this command and a 
length parameter are used. 
(0x01 « length) (-1) (« shift) 

This mask is used in order to clear these bits in the status word of the display 

processor 500. OR of the new bit from a WORD parameter is carried out to a status 

word (the preliminary shift of the parameter word is carried out). 

[0108] G Although it is the same as SETOTHERMODE L:G SETOTHERMODE H, act 

on the low WORD in" mode besides " of the display processor 500. 

[0109] G TEXTURE: [Table 5] 

This command turns on / turns off texture mapping, gives a texture coordinate scaling, 
and chooses the number of tiles (inside of the texture stretched). A scale parameter 
is the format of (.16) and carries out enlarging or contracting of the texture parameter 
in a peak command. ON/OFF of a texture turn on / turn off texture coordinate 
processing of a geometrical pipeline. The number of tiles is equivalent to the tile 
chosen in a pipeline's raster section. The number of tiles holds the maximum level 
about details level (LOD) (MIDDO mapping). 
[0110] G LOOKAT X: [Table 6] 

This command is used for automatic generating of a texture coordinate. This 
command describes the directivity of an eye so that a signal processor 400 can know 
about what should generate a texture coordinate. The XYZ value (decimal with a 8-bit 
sign which has a 7— bit decimal) has described the vector in world space (space 
between a model view matrix and a projection matrix). This space is perpendicular to a 
televiewer's **** direction, and it has turned [ space ] to a televiewer's right-hand 
side. 

[0111] G Although it is the same as LOOKAT Y:G LOOKAT X, the zero WORD of the 
beginning in the segment by which addressing was carried out is zero (0x00000000). 
[01 12] If [generating of DP command] drawing 20 is referred to again, when the 
following display list command will turn to the display processor 500, a signal 
processor 400 only writes a command in a display processor (block 626 of drawing 20). 



Block 626 carries out direct memory access of the display processor command to the 
display processor 500 through the X bus 218, or sets a display processor command to 
the buffer in main memory 300 for access by the display processor. 
[01 13] [Matrix command] When the following display list command is a matrix 
command, a signal processor 400 updates the state of the present matrix currently 
used (drawing 20, block 628), and arranges the updated matrix to a matrix stack (block 
630). As mentioned above, in this example, a signal processor 400 maintains ten deep 
modeling / viewing matrix stacks. A new matrix can be loaded on a stack, and 
multiplication is carried out in the upper part of a stack (connected), or pop-off is 
carried out from a stack. In this example, the signal processor 400 holds "1 ** deep" 
projection matrix, therefore — although a new matrix can be loaded to the present 
matrix or multiplication can be carried out — a push — or it cannot carry out pop 
[01 14] In this example, modeling / viewing matrix stack exists in main memory 300. 
The video game program 108 must assign sufficient memory for this stack, and must 
give a pointer to the stack area in a task list 250. The format of a matrix is optimized 
by the vector unit 420 of a signal processor. In order to offer suitable resolution, in 
this example, a signal processor 400 expresses each matrix value with 32 bits "double 
precision." 1 6 bits of high orders are assigned to an integral part with a sign (a part for 
larger value part than 1 is shown), and 1 6 bits of low ranks are assigned to the decimal 
part (a part for the value part between 0 and 1 is shown). However, the vector unit 420 
of this example operates with a 16-bit wide value, and cannot carry out the 
multiplication of the 32-bit wide value directly. A matrix format (drawing 21 (b) what 
was shown) carries out grouping of all the integral parts of an element, and it carries 
out grouping of all the decimal parts of an element continuously. Thereby, a signal 
processor 400 can process a matrix more efficiently by carrying out the multiplication 
of a 16 bits integral part and the 16-bit decimal part separately, without repeating and 
carrying out an "unpack" or the "pack" of the matrix. 

[01 1 5] For example, the vector unit 420 can carry out the multiplication of each of the 
integral value with a 16-bit fixed-point sign of a matrix line by a certain operation, and 
can carry out the multiplication of each of the 16-bit decimal part of the same line by 
another operation. The result of these two portions is made into one, and a 32-bit 
double precision value is acquired, or the result (as opposed to the operation only 
whose integral part of a result requires only the decimal part of a result) of two 
portions is used separately. In this example, even when the vector unit 420 operates 
with a 1 6-bit value and it does not have clear "double precision" capacity, a matrix 
display carries out possible [ of a signal processor 400 processing a 32 bit precision 



value efficiently ]. The followings are a signal processor matrix command and the 

example of a format of relation. 

[01 16] [The example of a matrix command] 

G MTX: [Table 7] 

This matrix command is the method controlled by the flag of a parameter field, and 
specifies the 4x4 transformation matrix (refer to drawing 21 (b)) used in order to 
change the continuing geometry. Length is a matrix byte's size which carries out 
ingress. The 4x4 transformation matrix specified by this command has the following 
formats. It is the block with which memory continued and is ROW. The element of 16 
of a matrix is included in order of MAJOR. Each element of a matrix is the form of the 
fixed-point format S15.1 6. The length of 4x4 matrices in a byte is 64 bytes. Since the 
address of the actual matrix of main memory 300 is constituted, Segment id and an 
address field are used (refer to G SEGMENTSP, when information is more nearly 
required). 

[01 1 7] The following flags are used in a parameter field. 

G Discriminate a MTX MODELVIEW ingress matrix as a model view matrix needed for 
performing efficient conversion of the polygonal method line for shading etc. (at the 
time of a default) 

G Discriminate a MTX PROJECTION ingress matrix as a projection matrix which does 
not influence conversion of the polygonal method line for shading etc. 
G A MTX MUL ingress matrix is connected in the present upper part of a matrix stack, 
(at the time of a default) 

G A MTX LOAD ingress matrix replaces the present upper part of a matrix (model 
view or projection) stack. 

G The present upper part of a MTX NOPUSH matrix stack is not pushed before 
performing loading or connection operation in the upper part of a stack, (at the time of 
a default) 

G The present upper part of a MTX PUSH matrix stack is pushed before performing 
loading or connection operation in the upper part of a stack. A push is only supported 
by G MTX MODELVIEW, and is not supported by G MTX PROJECTION. This is for 
there to be no projection matrix stack (for you to have to reload projection clearly). 
[01 18] This single command that has the combination of a parameter enables the 
matrix operation used for usual [ various kinds of]. For example, (G MTX LOAD|G 
MTX NOPUSH) replaces the upper part of a stack. (G MTX MUL|G MTX PUSH) 
performs connection, and makes a stack a general modeling layered structure. 
[01 19] A polygonal normal must be changed by reverse transposition of a model view 



matrix to a lighting and a texture ring (refer to "OpenGL programming guide"). This is 
because a separate model view and a projection stack must be maintained and an 
ingress matrix must be discriminated. 
[0120] G POPMTX: [Table 8] 

This command carries out pop [ of the stack of a model view matrix ]. A parameter 
field is 0. It does not carry out pop [ of the empty stack]. Since there is no stack of a 
projection matrix, this command is supported only to a model view matrix. 
[0121] G VIEWPORT: [Table 9] 

This command sends view port structure to a graphics pipeline. Since the address of 
the main memory 300 of actual view port structure is constituted, Segment id and an 
address field are used (refer to G SEGMENT, when information is more nearly 
required). 

[0122] View port conversion is scale conversion of a normalization screen coordinate. 
Generally, since the requirements for the hardware of a screen device coordinate are 
suited, a view port must be constituted in collaboration with a projection matrix. The 
scale to x and y and the term of conversion have the 2-bit decimal required to suit 
positioning of the sub pixel in hardware, z value does not have a decimal. 
[0123] By counting a decimal bit using one of the projection matrices of a default, view 
port structure can carry out initial setting in this way. 
[Equation 1] 

[0124] Again, with reference to [processing of peak command] drawing 20, if the 
following display list command is a "peak command", a signal processor 400 will 
change the peak as for which was pinpointed by this peak command in the present 
matrix state, and the shade was carried out as much as possible by the present 
lighting state, and will perform a clipping test about the peak, and the obtained peak is 
loaded to 408 in data memory 404. The signal processor 400 is equipped with the peak 
buffer holding the peak to 16 pieces in this example. Drawing 22 (a) shows the peak 
buffer of a signal processor 400 fully exposed by the main processor 100 and the 
video game program 108. This internal peak buffer 408 that can hold even 16 points is 
memorized by the data memory 404 of a signal processor, and is read by the main 
processor 100. 

[0125] Although the signal processor 400 of this example can treat only a line, a 
triangle, or a rectangle (Sir face which is got blocked and defined by 2, 3, or 4 vertices), 
the vertex buffer 408 of this example memorizes the vertex to 16 pieces. Therefore, a 
signal processor 400 can carry out the reuse of the changed peak value instead of 
re-calculating the peak to whenever [ the ]. In this example, 3D permission / modeling 



software used for a ******** sake in the video game program 108 organize a display 
list 110 the optimal, in order to make the reuse (and speed performance) of the peak 
into the maximum. 

[0126] Since each peak memorized by the peak buffer 408 is expressed, drawing 22 
(b) shows the example of the peak data structure which a signal processor 400 uses. 
In this example, the value of x corresponding to the peak changed, and y, z and w is 
memorized in double precision form, and a decimal part exists following an integral 
part (field 408(1) (a) -408(1), (h)). A peak color (r, g, b, alpha) is memorized by field 
408(1) (i) -408(1) and (I), and a peak texture coordinate (s, t) is memorized by the field 
408 (1), (m), and 408 (1) and (n). Furthermore, the peak value (what was got blocked, 
was changed and was projected on the viewing flat surface) of the coordinate of 
screen space is memorized by field 408(1) (o) -408(1) and (t) from this example (1 / w 
value is memorized in double precision form). A screen coordinate is used by the 
display processor 500 in order to draw the polygon defined by the vertex. The changed 
3-dimensional coordinate is held at the peak buffer 408 for a clipping test. Since a 
polygon (it is not a vertex) is clipped and the reuse of the vertex in the vertex buffer 
408 is carried out to a multiplex polygon, these changed 3D vertex values are 
memorized for clipping which should be performed and in which multiplication is 
possible. Furthermore, the peak data structure 408 (1) has the flag 408 (1) which can 
be used since a signal processor 400 specifies a clip test result (is it got blocked, and 
is the peak inside [ each ] six different clip flat surfaces, or is it outside?), and (v). The 
fluoroscopy-projection coefficient memorized by 408 (1) and (t) is held the field 408 
(1) and (s) for fluoroscopy-coordinate operation performed by the texture coordinate 
unit (it explains below) of a display processor. 

[0127] The following is one example of the peak command format used since it loads 
to the internal peak buffer which has some points. 
G VTX: [Table 10] 

This command loads the point (N+1) to the vector buffer which begins from the 
location vO in a peak buffer. Since the actual VTX structure of the address of main 
memory 300 is constituted, Segment id and an address field are used (when 
information is still more nearly required, G SEGMENT-refer to). In order to make it 
possible to express the all 16 peaks by 4 bits, several n of the peak is encoded as 
"minus 1." Length is 16 times the number of the points, and is the size of VTX 
structure (from byte). A peak coordinate is 16 binary integers and the texture 
coordinates s and t are S10.5. A flag is disregarded in this example. The peak has the 
color or the normal (shading sake). A color is a 8-bit unsigned integer. A normal is a 



decimal with a 8-bit sign (7-bit decimal). (The map of the 0x7f is carried out to +1.0, 
and the map of 0x81 is carried out to -1 .0, and the map of 0x0 is carried out to 0.0) . It 
must normalize, i.e., a normal vector is root(x2+y2+z2) <=1 27. [0128] In case a peak 
command is received, a signal processor 400 changes the peak which used the 
present modeling / viewing matrix, and was pinpointed by the peak command (drawing 
20, block 632). Refer to Chapter 3 ("viewing") of an OpenGL programming guide 
(silicon graphics 1993) besides Neider. These conversion carries out orientation of the 
object expressed by the peak in 3-dimensional space in proportion to the selected 
view. For example, in proportion to the selected view, these conversion carries out the 
parallel displacement of the object currently displayed, rotates and/or carries out 
enlarging or contracting. Such conversion calculation forces it the use which a burden 
requires for the vector unit 420 of a signal processor, and its capacity, in order to 
perform eight parallel computing simultaneously. In this example, the changed result is 
memorized by peak data structure field 408(1) (a) -408(1) and (h) in double precision 
form. 

[0129] The [clip test] signal processor 400 determines whether next a clip test 
(drawing 20, block 636) is performed, and there is any changed peak inside a scene, or 
it is outside. Six clipping flat surfaces define the side and end of viewing volume. The 
changed each peak is compared with each of these six flat surfaces, and the result 
(that is, in which side of a clip flat surface is the peak located?) of comparison is 
memorized in the "flag" field 408 of a peak buffer (v) (refer to drawing 22 (b)). These 
results answer a "triangular command" and are used by the clipping block 646 (see 
the following). Since this example clips a polygon and does not clip a vertex, it is an 
observing point for the block 636 of drawing 20 not to perform clipping in fact, but to 
only test [ as opposed to / a clip flat surface / only ] a vertex position. 
[0130] Next a projection matrix is used for [projection] signal processor 400, and it 
changes a peak value (drawing 20, block 638). The purpose of projection conversion is 
defining the viewing volume used by two methods. Viewing volume is determining how 
an object is projected on a two-dimensional viewing screen (it is got blocked and 
perspective or the right ** method is used), a shortening property — having — or 
(when the projection matrix defines the right ** method) — right — the peak of the 
result changed into target practice is projected on the two-dimensional viewing flat 
surface from 3-dimensional space (when the projection matrix defines perspective) 
(see the 90 page of an OpenGL programming guide or subsequent ones.) These 
coordinate values are written in a peak buffer data structure in field 408(1) (o) -408(1) 
and (t) (1/"w" value is held for next projection correction). 



[0131] The [lighting] signal processor 400 performs a lighting operation, in order "to 
illuminate" each peak pinpointed by the peak command next. The video game system 
50 is supporting many complicated real-time light effects including environmental 
(uniform) light, diffusion (directivity) light, and (texture mapping was used) a 
mirror-plane highlight. According to the lighting instruction execution in this example, 
a signal processor 400 loads overlay of the SP microcode 108 first, in order to perform 
a lighting operation. G The SETGEOMETRYMODE command must be specified and 
the above-mentioned G NUM LIGHTS command must define for light that the lighting 
operation was made usable. Usually, although the portion of the microcode 108 which 
performs a lighting operation does not exist in a signal processor 400, when a lighting 
call is performed, it is inputted into a signal processor 400 through overlay. A certain 
object is illuminated and this has close relation for the performance to a rendering 
scene in the state where other objects were colored statically. An over-write [ this 
example / lighting overlay / a clipping microcode ] in order to realize best 
performance which was most suitable for making the object which the illuminated 
scene clipped into the minimum, or losing it completely. 

[0132] In order to carry out the lighting of the object, the peak which constitutes an 
object must be replaced with the specified color, and must be a normal. A normal is 
constituted from this example by three 8 numbers of bits showing x of the normal, y, 
and z component with a sign (refer to the above-mentioned G VTX command format). 
Each component is in the range of the value of -128 to +127 in this example, x 
components are equivalent to the position of the red of the peak, and, in y component, 
z component corresponds to blue green. Alpha still has no change. A normal vector 
must be normalized as mentioned above. 

[0133] When an object changes the sense, by changing how an object appears, a 
lighting also realizes the effect of depth. In this example, a signal processor 400 
supports the diffused light to seven in a scene. Each light has the direction and the 
color. Illuminating each light is continued in the same (as opposed to opening "a 
world") direction until it is not concerned with the sense of an object and a ** person 
but the direction of light is changed. Furthermore, one ambient light takes out uniform 
lighting. Shading is not simply supported in this example at a signal processor 400. 
[01 34] As mentioned above, lighting information is sent to a signal processor 400 by 
the optical data structure, the number of the diffused lights — 0 to 7 — **** — 
things are made The variable of the value of red, green, and blue expresses the color 
of light, and takes the value of the range of 0 to 255. Subscript x and the variable 
which has y and z express the direction of light. It is decided by the direction that light 



is shown. It means that the direction where a direction [ as opposed to / this / light in 
the direction of light ] is shown, and light is illuminating it is not shown (for example, a 
direction is set to x=-141, y=-141, and z= 0 when light enters from the upper left 
direction of a world). In order to eliminate ambient light, a programmer has to specify 
that ambient light is black (0, 0, 0). 

[0135] G The light command is used in order to make the set of the light on a display 
list active. Once light is activated, such light remains until the light of the following set 
is activated. The setup of the optical structure where this is new means an over-write 
[ the old optical structure in a signal processor 400 ]. In order to turn ON calculation 
of light so that light may demonstrate an effect, it is required to turn ON a lighting 
mode bit using the G SETGEOMETRYMODE command. The above-mentioned lighting 
structure is used in order to offer the value of the color memorized to peak buffer 
field 408(1) (i) -408(1) and (I). 

[0136] Next, a texture coordinate scaling / [generation] signal processor 400 
performs a texture coordinate scaling and/or generation (drawing 20, block 642). In 
this example, the operation performed by block 642 realizes mirror-plane highlight, 
reflective mapping, and environmental mapping, in order to acquire these effects, in 
this example, a co-processor 200 uses light or the texture map of an environmental 
picture, and calculates the texture coordinate s and t based on the angle to a Sir face 
normal from a view The need of calculating a Sir face normal by each pixel by this 
texture mapping method although a mirror-plane lighting is realized can be abolished. 
It is too much [ in calculation ] severe for the video game system 50 in this example to 
calculate a Sir face normal by each pixel. 

[0137] The mirror-plane highlight from almost all light is expressed by the texture map 
which defines a round-head dot with the exponential function or gauss function which 
shows intensity distribution. When the scene includes the highlight by the light of 
others, such as a fluorescent lamp or a sword which shines, fabricated specially, there 
is no difficulty in the rendering which can realize the texture map of a highlight. 
[0138] In this example, although the display processor 500 performs texture mapping 
operation, a signal processor 400 performs texture coordinate transformation about 
each peak, when these effects are required. It is specified with the value in the G 
SETGEOMETRYMODE command a signal processor's 400 un-operating [ an operation 
or ] (see the above-mentioned publication). [ of texture coordinate transformation ] 
Furthermore, the G SETGEOMETRYMODE command specifies the linearization of the 
generated texture coordinate, in order to enable use of a panorama texture map, when 
performing for example, environmental mapping. 



[0139] In this example, in generating of the texture coordinate of a signal processor 
400, in order to refer to a texture and to derive s and t index, respectively, projection 
of the peak normal of the x and the direction of y of screen space is performed. Since 
s and t are generated, the angle between the views and Sir face normals in each peak 
is used. In this example, in order to realize actual s and t value, enlarging or 
contracting of the normal projection is carried out. A signal processor 400 maps the 
peak "behind" a view in 0, and maps positive projection in a scale value. 
[0140] In this example, a texture ring operates using the G TEXTURE command which 
the attribute command of a signal processor 400 mentioned above by the way. This 
command gives the scale value which performs the above-mentioned texture 
coordinate mapping out of other things. 

[0141] As mentioned above, texture coordinate mapping performed by the signal 
processor 400 needs the information which specifies the sense of a view in this 
example so that the angle between the Sir face normal of the peak and a view can be 
calculated. G The LOOKAT X and G LOOKAT Y commands give the sense of the view 
in automatic generating of the texture coordinate performed by the signal processor 
400. The changed texture coordinate value is memorized by the field 408 of a peak 
data structure (1), (m), and 408 (1) and (n) by the signal processor 400, when 
calculated. These texture coordinate values are supplied to the display processor 500, 
in order to perform obtained texture mapping using the texture specified by the G 
TEXTURE command. 

[0142] Since texture mapping is used for these effects, they cannot be used for the 
object by which texture mapping is carried out by the option. 

[0143] [Writing which is a peak buffer] After performing all the steps of these, a signal 
processor 400 writes the peak value illuminated [ was changed and ] and projected in 
the peak buffer 408 (drawing 20, block 644), and returns to analyzing the following 
display list command (block 622). 

[0144] Once a signal processor 400 writes [ [triangular command-processing] ] the 
peak in the peak buffer 408, a display list 1 10 can give a "triangular command." This 
"triangular command" specifies the polygon defined by the vertex in the vertex buffer 
408. This "triangular command" is the demand to the signal processor 400 for 
generating the graphical display command showing a polygon, and sending this 
command to the display processor 500 fundamentally, for a rendering. In this example, 
a signal processor 400 gives the primitive of three different kinds, i.e., a line, a triangle, 
and a rectangle. In this example, in order to give a line or a triangle, it is required to 
load the module with which microcodes 108 differ. In this example, rectangles are 



[ no ] the two-dimensional primitives specified by the screen coordinate, and clipping 
and a scissoring are carried out. 

[0145] The following is one example of the format of a triangular command, and a 
related function. 

The command below [the example of a triangular command] specifies the triangle 
defined by three vertices in a vertex buffer. 
G TRI1: [Table 11] 

This command produces one triangle using the vertices vO, v1, and v2 memorized by 
the internal vertex buffer. N field discriminates which [ of the three peaks ] contains 
the normal (flat shading sake) of a field (flat shading sake), or the color of a field. 
[0146] The following commands control a signal processor 400, and since the 
command of the display processor 500 which carries out the rendering of the line 
defined by the two peaks in the peak buffer 408 is generated, they are used. 
[0147] G LINE3D: [Table 12] 

This command produces one line using the peaks vO and v1 memorized by the internal 
peak buffer. N field specifies which [ of the two peaks ] contains the color of a field 
(flat shading sake). 

[0148] A texture is carried out, and the filled rectangle requires the intervention of a 

signal processor 400, and, so, serves as operation of a signal processor. The following 

is the example of the command format of a texture rectangle command, and the 

function of relation. 

[0149] G TEXRECT: [Table 13] 

[Table 14] 

[Table 15] 

These three commands draw 2D rectangle which has the present texture. Parameters 
xO and yO pinpoint the corner of rectangular upper left direction, and parameters x1 
and y 1 pinpoint the corner of lower right direction. All coordinates are 1 2 bits. S and T 
are the 10.5 numbers of bits with a sign, and specify the coordinate of the upper left 
direction of s and t. DsDx and DtDy are the 5.10 numbers of bits with a sign, and 
specify change of s (t) to change of x (y) coordinate. 

[0150] In this example, a signal processor 400 supports the G TEXRECT FLIP 
command which is the same as the G TEXRECT command except for a texture being 
moved so that s coordinate may change in the direction of y or t coordinate may 
change in the x directions. 
[0151] G FILLRECT: [Table 16] 

This command draws 2D rectangle in the present fill color. Parameters xO and yO 



pinpoint the corner of rectangular upper left direction, and parameters x1 and y1 
pinpoint the corner of lower right direction. All coordinates are 12 bits. 
[0152] If it returns to clipping / [setup] drawing 20, a signal processor 400 will perform 
required clipping of the peak, if a triangular command is received (drawing 20, block 
646). This clipping operation removes the portion of the geometrical primitive which 
exists in the outside of six clip flat surfaces which decide a viewing flat surface. 
[0153] As mentioned above, about each peak, the result of the performed clip test 636 
is memorized by the peak buffer 408, and can be used. When this triangular command 
shows the primitive decided by these peaks, a signal processor 400 advances this 
primitive clipping. When all the primitive peaks exist in the space decided by six clip 
flat surfaces, all primitives exist in an operating space and clipping is unnecessary. (It 
was shown by the flag field of the peak data structure 408 (1) shown in drawing 22 (b) 
like) When all the peaks that decide a primitive exist in the outside of the same clip flat 
surface, all primitives are eliminated from a display and thrown away. When a thing 
with the peak which decides a primitive exists in an operating space and a certain 
thing exists in the outside of an operating space on the other hand, a primitive needs 
to carry out clipping and the new peak is defined (or although all the peaks exist in the 
outside of an operating space, when deciding the primitive which passes this operating 
space). These tests and operations are performed by the clipping block 646 in this 
example. 

[0154] Next, a signal processor 400 performs rear-face curling (drawing 20, block 647). 
It is determined that this operation will be on the rear face of an object, and a writing 
speed is made into the maximum by throwing away the polygon hidden from the visual 
field, this example — front facing — be — back facing — be — the curling of both of 
the primitives is carried out by block 647 (got blocked and thrown away) The primitive 
type which should be carried out curling is specified with the parameter in the 
above-mentioned G SETGEOMETRYMODE command. A different curling flag which is 
put in order by this in the directions where geometry is arbitrary, or attains various 
effects is arranged in the places (for example, internal surface, a two-side polygon, 
etc.) used. 

[0155] A signal processor 400 performs setup operation (drawing 20, block 648), and 
sends a graphical display command to the display processor 500, and it controls it so 
that the display processor 500 carries out the rendering of the primitive (drawing 20, 
block 650). In (block 648) and this example, a signal processor 400 is changed into the 
physical address for which the display processor 500 uses the address by which 
"segmentation" in a display list 110 was carried out as a part of setup operation (the 



display processor 500 is a physical address machine in this example). 
[0156] In this example, a signal processor 400 uses a segment table 416 (refer to 
drawing 23) so that it may support, in case addressing of the main memory 300 is 
carried out. The address in a signal processor 400 is shown more to a detail by table 
input 41 7a and 26-bit offset 41 7b. Refer for table input 41 7a to one of the base 
addresses of 16 in the segment address table 416. The base address referred to is 
added to offset 417b, and generates the physical address to main memory 300. A 
signal processor 400 constitutes the address of main memory 300 by adding a base 
address to a segment and (for example, given by the display list 110) 26-bit offset. A 
segment table 416 is constituted based on the G SEGMENT command of the following 
examples. 

[0157] G SEGMENT: [Table 17] 

This command applies an input to the above-mentioned segment table 416. 
Segmentation addressing used by the signal processor 400 is effective in easy-izing 
animation by which the double buffer was carried out in this example. For example, the 
video game program 108 is in the state which gave the same offset as two different 
segments, and can hold two copies of the fragmentation of a certain display list in 
main memory 300. It is easy for the same grade as exchanging the segment pointer in 
a signal processor 400 to switch those copies. As another usage, grouping of data and 
the texture may be carried out into a certain segment, and grouping of the static 
background geometry may be carried out into another segment. Carrying out grouping 
of the data helps to optimize the memory cash advance in a main processor 100. All 
data including the embedding address must be preceded by the suitable G SEGMENT 
command which loads the right base address to the segment table of a signal 
processor 400. 

[0158] Although the signal processor 400 is using the segment-addressing method 
shown in drawing 23, it cannot use this composition for the display processor 500 in 
this example. Therefore, a part of setup processing 648 must change the segment 
address which specifies the data structure needed for a rendering into the physical 
address which can carry out direct use by the display processor 500. 
[0159] The main outputs of the signal processor 400 for [DP command write-in] 
graphics are one or more commands to drawing 20 and the display processor 500 
outputted by block 650. Clipping is illuminated [ although a main processor 100 (or 
video game storage 54) can supply the command of the display processor 500 directly, 
a signal processor 400 is changed to 3D picture, and it is projected, and ] and carried 
out, and since the display processor command expressing the primitive by which 



curling was carried out is generated, generally to perform the above-mentioned 
transform processing is needed. 

[0160] The repertory of a display processor command is shown in drawing 102 from 
drawing 65. A signal processor 400 corresponds to including information and address 
information suitable in carrying out former TINGU of the display processor command 
generated appropriately, and a command. Furthermore, a signal processor 400 can 
generate and output the suitable mode and the attribute command which are needed 
for carrying out the rendering of the specific primitive as which the display processor 
was specified by the signal processor 400 using the suitable parameter (the mode to 
the display processor 500 and many of attribute commands are usually directly 
supplied by the main processor 100 under control of the video game program 108). As 
mentioned above, although a main processor 100 can offer the display processor 500 
directly, since a certain display processor command is generated at least always when 
3D object should be transformed, generally it needs to depend on a signal processor. 
[0161] [Flow control command processing] It returns to drawing 20 again, and when 
the display list command received from the signal processor 400 is a flow control 
command, a signal processor 400 answers this command by the suitable method, and 
use that is, refer to the display list 1 10 for it in detail. A command and the following 
examples of a format give a flow control. 
[0162] [The example of a flow control command] 
G DL: [Table 18] 

This command is used in order to specify another display list and to generate the 
hierarchy of a display list, a nest display list, indirection reference, etc. The segment 
field discriminates a memory segment. An address field is the offset from the base of 
a segment. Moreover, these form the address in the main memory 300 which specifies 
a new display list. In this example, although it is desirable to end all display lists by the 
G ENDDL command, the length field (not shown) can describe the length of a new 
display list from a byte. The parameter field holds the flag which controls the moving 
state of a transfer. When Flag G DL NOPUSH is set, the present display list is not 
pushed on a stack before transfer control. This achieves **** like BRANCH or a 
GOTO instruction rather than a hierarchization display list (this is effective in 
decomposing a larger display list into discontinuous memory piece, next connecting 
them by branching of a display list). 
[0163] G ENDDL: [Table 19] 

And a display list command ends branching of the hierarchy of a display list, and 
produces "pop" in processing of the hierarchy of a display list. Since [ which is 



referred to as being ended by the command instead of giving the length of a display list 
deductively / changing ] it is got blocked and the display list piece of strange size is 
constituted, this command is the most effective. All display lists are ended by this 
command. 

[0164] G NOOP: [Table 20] 

None of this command is set up. This command is internally generated under a certain 
situation. 

[0165] Drawing 20 and block 652 maintain the stack of the display list in main memory 
300, and perform the function which pushes and carries out the wildebeest ping 
(crossing) of the stack of this display list. Block 652 will stop a signal processor 400, if 
a signal processor 400 meets with an "open end" display list command. 
[0166] [microcode audio processing of a signal processor] — in addition to the 
graphics operation mentioned above, the signal processor 400 of this example 
performs digital audio processing The vector unit 420 of a signal processor 400 is 
suitable for especially performing "sum of product" calculation. Especially this "sum 
of product" calculation is effective in digital signal processing of audio signals, such as 
for example, audio compression release, wave table re-sampling, composition, and 
filtering, of a certain kind. Since the accumulator of 48-bit width of face is contained 
in the vector unit data path 423, the digital space and/or frequency filtering using 
many taps can be considerably adapted, without spoiling precision. As one example of 
the optimal specific usage of the vector unit 420 for audio processing, eight separate 
register files 422 and related data paths 423 of the vector unit 420 of a signal 
processor 400 can be used in order to process eight different MTDI audios in parallel 
simultaneously. The following is the example of the further audio processing which can 
be effectively performed using the vector unit 420. 

- The wave table composition using - solid interpolation which can process in parallel, 
the -8 ** audio, i.e., the 8 times as many sample as this, which can solve a polynomial, 
and here Four of the data paths 423 of the vector unit 420 are used in order to 
process one sample, the data path 423 of other four vector units 420 Here [ - audio 
envelope processing and here ] where it is used in order to process the 2nd sample 
The data path 423 of eight vector units 420 The data path 423 of eight vector units 
420 can carry out the multiplication of the mixer weighting factor corresponding to an 
audio sample different, respectively - audio mixing processing which can carry out the 
multiplication of the weighting factor which is different to an audio sample different, 
respectively, and here. [0167] a signal processor 400 requires what [ 1/] of the audio 
reproduction fruit time interval concerned, in order to perform digital audio processing 



relevant to the audio reproduction real-time interval and to complete, since audio 
digital signal processing can be performed effectively at high speed For example, in 
order for a signal processor 400 to process an audio for digital one, only time much 
fewer than 1 / 30 seconds is needed, but the audio interface 208 of a co-processor 
reproduces this by the real time by 1/30 of the second time intervals. In this example, 
time sharing of the signal processor 400 is carried out on account of this capacity 
between graphics operation and digital audio processing. 

[0168] Generally, a main processor 100 gives a task list 250 to a signal processor 400 
at the beginning of a video frame. This video frame specifies the picture and sound 
which should be generated in the video frame following a degree. You have to 
complete both the audio for the video frame to which a co-processor 200 will follow 
the degree concerned by the time the video frame following the degree concerned 
starts, and graphics operation, since video presentation and audio reproduction are 
consecutive processing of the real time (it must be got blocked, and new video 
presentation must be supplied at each video frame time, and an audio must be 
supplied continuously), until, as for a co-processor 200, the following frame starts — 
each — it is necessary to end ail the audios and video signal processings relevant to 
the video frame following a degree 

[0169] In this example, the signal processor 400 is shared by digital audio signal 
processing and graphics operation. On account of the high-speed calculation capacity 
of the vector unit 420 of a signal processor, it is time much shorter than the present 
video frame time, and a signal processor 400 can complete processing of the audio 
which should be reproduced between the video frames which continue at a degree, 
and it is time shorter than the present video frame time, and can also complete the 
graphics operation of the picture which should be displayed between the pictures 
following a degree. Thereby, a task list 250 can specify both the graphics display list 
which must be completed by a signal processor 400 and the co-processor 200 by the 
time the next video frame time starts, and an audio reproduction list. However, before 
the next video frame time starts [ a main processor 100 / a co-processor 200 ] in a 
co-processor 200 in this example, what bars giving the task list 250 which cannot be 
completed does not have anything. It will not perform, by the time a signal processor 
400 can continue processing of a task list about the whole present video frame time 
by the compound graphics and audio processing which are demanded by the signal 
processor 400 fully concentrating if time is this thing, and the following video frame 
starts. The video game program 108 should process too much burden by the suitable 
method, when it is made not to overwork a co-processor 200 and is worked hard. A 



video game programmer can avoid too much burden of a signal processor 400 by 
considering so that the processing (for example, clipping) for which all the display lists 
1 10 are organized efficiently, carry out the modeling of the object by the effective 
method by 3D, and include broadly, and time requires them may be avoided or it may 
be made the minimum. However, also by such consideration, a co-processor 200 
needs the time more than one video frame time, in order to complete processing of a 
complicated picture especially. A video game programmer can solve this situation by 
making effective frame speed late so that a television set 58 may carry out 
regeneration of the same picture memorized in a part of frame buffer 1 18 between the 
multiplex video frames within a time on which a co-processor 200 can complete 
processing of the following picture. Since a user may perceive an adjustable frame 
speed as delay which is not desirable, in order to complete the picture which 
processing concentrates most, it is often the best to reduce the whole effective 
frame speed even at the speed of which it is required more for a co-processor 200 (a 
thereby more complicated picture can protect appearing slowly from the picture which 
is not more complicated). 

[0170] Since a user will hear obstructive "click" sound about audio processing in the 
stream of the audio which others followed, failing to supply an audio between 
predetermined video frame time is being unable to admit generally. Disturbance of 
such an audio is [ that it is easy to go into an ear ] noisy. Therefore, they should avoid. 
One method of avoiding the audio disturbance whose signal processor 400 rings the 
assigned audio processing in the ear under the situation that it has not completed to 
within a time is ordering to reproduce the audio in which a main processor's 100 is 
equivalent to a front frame between the frames which follow the audio interface 208 at 
a degree. If it carries out carefully, a desirable audio can be generated in this way, 
without a user noticing disturbance. Other methods are making a signal processor 400 
process the audio equivalent to two or more video frames within one video frame time. 
Thereby, a different (early) effective audio "frame" speed from effective video frame 
speed can be supplied. "Effective frame speed" means the speed which a 
co-processor 200 makes generate the information equivalent to one frame (in this 
example, an actual video frame speed of a television set is fixed). 
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[Brief Description of the Drawings] 

[Drawing 1] The whole video game system which generates 3D picture and digital 
processing stereo sound is shown. 

[Drawing 2] The example of the 3D screen effect realizable using the system of 
drawing 1 is shown. 

[Drawing 3] The example of the 3D screen effect realizable using the system of 
drawing 1 is shown. 

[Drawing 4] One example of the main elements of a whole video game system is 
shown. 

[Drawing 5] One example of main processing operation of a whole video game system 
is shown. 

[Drawing 6] One example of whole operation of a video game system is shown. 
[Drawing 7] In order to generate a graphic picture, one example of all the steps 
performed by the video game system is shown. 

[Drawing 8] One example of detailed whole system architecture is shown. 
[Drawing 9] One example of the initialization routine of a main processor is shown. 
[Drawing 10] One example of the memory map of a main processor is shown. 
[Drawing 11] One example of the internal architecture of a co-processor is shown. 
[Drawing 12] One example of the architecture of the internal bus of a co-processor is 
shown. 

[Drawing 13] One example of the internal architecture of a signal processor is shown. 
[Drawing 14] (a) shows one example of an instruction format of a signal processor, and 
(b) shows the source concerned of (a) for processing by the vector unit shown in 



drawing 13, and certain 1 of operation of the addition which is and shows one example 
of slicing of the lameness point field and by which (c) is performed by the example of 
the vector unit of a signal processor example. 

[Drawing 1 5] One example of the register of a signal processor is shown. 
[Drawing 16] One example of the register of a signal processor is shown. 
[Drawing 17] One example of a hierarchy task list including a graphical display list and 
an audio reproduction list is shown, 

[Drawing 18] One example of a microcode loading routine is shown. 

[Drawing 19] One example of processing of the display list of the illustrated easy 

signal processor is shown. 

[Drawing 20] One example of the control step sequence of the graphic microcode of a 
signal processor is shown. 

[Drawing 21] (a) shows one example of double precision expression, and (b) shows one 
example of a matrix format. 

[Drawing 22] (a) shows one example of a peak buffer format of a signal processor, and 
(b) shows one example of a definition of peak data. 

[Drawing 23] One example of the composition of segment addressing of a signal 
processor is shown. 

[Drawing 24] One example of the architecture of audio software is shown. 
[Drawing 25] One example of processing of the reproduction list of easy signal 
processors is shown. 

[Drawing 26] One example of the control step sequence of the audio microcode of a 
signal processor is shown. 

[Drawing 27] One example of the audio processing structure of a signal processor is 
shown. 

[Drawing 28] One example of the whole display processor processing step is shown. 
[Drawing 29] One example of the pipeline structure of a display processor is shown. 
[Drawing 30] One example of the architecture of a display processor is shown. 
[Drawing 31] One example of the register of a display processor is shown. 
[Drawing 32] One example of the register of a display processor is shown. 
[Drawing 33] One example of the register of a display processor is shown. 
[Drawing 34] One example of the register of a display processor is shown. 
[Drawing 35] One example of the composition of the tile descriptor of texture memory 
is shown. 

[Drawing 36] One example of texture unit processing is shown. 

[Drawing 37] One example of the architecture of a texture coordinate unit and a 



texture memory unit is shown. 



[Drawing 38 
shown. 
[Drawing 39 



a Color Index texture is shown. 



[Drawing 40' 
[Drawing 41 
[Drawing 42 
[Drawing 43 
[Drawing 44. 
[Drawing 45. 
[Drawing 46. 
[Drawing 47 
shown. 
[Drawing 48. 
[Drawing 49 
[Drawing 50' 
[Drawing 51 
[Drawing 52. 
[Drawing 53. 
[Drawing 54 
[Drawing 55. 
[Drawing 56 
shown. 
[Drawing 57 
shown. 
[Drawing 58 
[Drawing 59. 
[Drawing 60' 
[Drawing 61 
[Drawing 62 
shown. 
[Drawing 63 
is shown. 
[Drawing 64 
is shown. 



One example of the lookup in the Color Index mode of texture memory is 



One example of more detailed use of the texture memory for memorizing 



One example of operation of a color combiner is shown. 

One example of operation of an alpha combiner is shown. 

One example of operation of an alpha fix rise is shown. 

One example of a primitive blend of a different type is shown. 

One example of operation of a blender is shown. 

One example of a format of a color pixel is shown. 

One example of a format of a depth pixel is shown. 

One example of the generation processing which can be written in is 

One example of the architecture of a video interface is shown. 
One example of the operating sequence of a video interface is shown. 
One example of the control register of a video interface is shown. 
One example of the control register of a video interface is shown. 
One example of the control register of a video interface is shown. 
One example of the architecture of a main memory interface is shown. 
One example of the control register of a memory interface is shown. 
One example of the control register of a memory interface is shown. 
One example of the architecture of the interface of a main processor is 

One example of the register of the interface of a memory processor is 

One example of the architecture of an audio interface is shown. 

One example of the register of an audio interface is shown. 

One example of the architecture of a serial interface is shown. 

One example of the register of a serial interface is shown. 

One example of the architecture of a peripheral interface adapter is 

One example of control/status register of a peripheral interface adapter 

One example of control/status register of a peripheral interface adapter 



[Drawing 65] The format and the related function of "the set of a color picture" of a 
graphics viewing command in a display processor are shown. 

[Drawing 66] The format and the related function of "the set of a texture picture" of a 
graphics viewing command in a display processor are shown. 
[Drawing 67] The format and the related function of "the set of Z picture" of a 
graphics viewing command in a display processor are shown. 

[Drawing 68] The format and the related function of "the set of a tile" of a graphics 
viewing command in a display processor are shown. 

[Drawing 69] The format and the related function of "loading of a tile" of a graphics 
viewing command in a display processor are shown. 

[Drawing 70] The format and the related function of "loading of a block" of a graphics 
viewing command in a display processor are shown. 

[Drawing 71] The format and the related function of "the set of tile size" of a graphics 
viewing command in a display processor are shown. 

[Drawing 72] The format and the related function of "loading of a tart" of a graphics 

viewing command in a display processor are shown. 

[Drawing 73] The various types of a triangular command are shown. 

[Drawing 74] The format and the related function of "the coefficient of an edge" of a 

graphics viewing command in a display processor are shown. 

[Drawing 75] The format and the related function of "the coefficient of an edge" of a 
graphics viewing command in a display processor are shown. 

[Drawing 76] The format and the related function of "the coefficient of an edge" of a 
graphics viewing command in a display processor are shown. 

[Drawing 77] The format and the related function of "the coefficient of the shade" of 
a graphics viewing command in a display processor are shown. 

[Drawing 78] The format and the related function of "the coefficient of the shade" of 
a graphics viewing command in a display processor are shown. 

[Drawing 79] The format and the related function of "the coefficient of a texture" of a 
graphics viewing command in a display processor are shown. 

[Drawing 80] The format and the related function of "the coefficient of a texture" of a 
graphics viewing command in a display processor are shown. 

[Drawing 81] The format and the related function of "the coefficient of Z-uffer" of a 
graphics viewing command in a display processor are shown. 

[Drawing 82] The format and the related function of "the rectangular fill" of a graphics 
viewing command in a display processor are shown. 

[Drawing 83] The format and the related function of "the rectangular texture" of a 



graphics viewing command in a display processor are shown. 

[Drawing 84] The format and the related function of "the texture of a rectangle flip" 
of a graphics viewing command in a display processor are shown. 
[Drawing 85] The format and the related function of "the set in 

combined-harvester-and-thresher mode" of a graphics viewing command in a display 
processor are shown. 

[Drawing 86] The format and the related function of a set" in the mode of a graphics 
viewing command in a display processor besides " are shown. 

[Drawing 87] The format and the related function of a set" in the mode of a graphics 
viewing command in a display processor besides " are shown. 
[Drawing 88] The format and the related function of "the set of an environmental 
color" of a graphics viewing command in a display processor are shown. 
[Drawing 89] The format and the related function of "the set of a primitive color" of a 
graphics viewing command in a display processor are shown. 
[Drawing 90] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 91] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 92] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 93] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 94] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 95] The format and the related function of "the set 
graphics viewing command in a display processor are shown. 
[Drawing 96] The format and the related function of "the set 
viewing command in a display processor are shown. 
[Drawing 97] The format and the related function of "the set of Key GB" of a graphics 
viewing command in a display processor are shown. 

[Drawing 98] The format and the related function of the "full sink" of a graphics 

i 

viewing command in a display processor are shown. 

[Drawing 99] The format and the related function of the "load sink" of a graphics 
viewing command in a display processor are shown. 

[Drawing 100] The format and the related function of the "pipe sink" of a graphics 
viewing command in a display processor are shown. 
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[Drawing 101] The format and the related function of the "tile sink" of a graphics 
viewing command in a display processor are shown. 

[Drawing 102] The format and the related function of "having no operation" of a 

graphics viewing command in a display processor are shown. 

[Description of Notations] 

52 — Main unit 

100 — Main processor 

200 — Co-processor 

300 — Main memory 

400 — Signal processor 

500 — Display processor 
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1 .Title of Invention 

High Performance Low Cost Video Game System With Coprocessor Providing 
High Speed Efficient 3D Graphics And Digital Audio Signal Processing 

2. Claims 

1 . An interactive video game system comprising: 
an interactive user input device; 

a main processor coupled to the input device, the main processor having an 
address space, the main processor interactively selecting a point of view in response to 
inputs from the user input device; 

a coprocessor coupled to the main processor, the coprocessor providing a 
predetermined graphics feature set for interactively generating image data in response to 
the selected point of view by projecting polygons representing a three dimensional world 
onto a two dimensional viewing plane, the coprocessor including: 

a signal processor that is shared between at least graphics functions and 
audio processing functions, the signal processor including a scalar unit and a 
vector unit, the vector unit capable of performing plural calculations in parallel, the 
signal processor including a microcode store that stores microcode, the signal 
processor executing the microcode in the microcode store to perform the graphics 
and audio processing functions; 

a display processor comprising display pipeline hardware that alternatively 
provides a one-pixel-per-cycle mode and a two-pixel-per-cycle mode to minimize 
hardware while providing a rich feature set including level-of-detail processing, the 
display pipeline hardware including a texture memory having first and second 
parts, the texture memory first part being capable of storing texture maps that are 
color indexed and texture maps that are not color indexed, the texture memory 
second part being capable of storing texture maps and/or color lookup tables for 
the color indexed texture maps, 
a video interface, 
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an audio interface, 

a serial interface, and 

a parallel peripheral interface, 
wherein each of the signal processor, the display processor, the video interface, the audio 
interface, the serial interface and the parallel peripheral interface includes circuitry for 
accessing a main memory; 

the main memory being coupled to the coprocessor via a 9 bit wide bus, the main 
memory providing a common address space for the coprocessor and the main processor, 
the main memory storing at least the following data structures: 

Instructions for execution by the main processor; 

a color frame buffer; 

a depth buffer; 

graphics microcode; 

audio processing microcode; 

at least one display list; 

at least one texture map; and 

at least one audio output buffer; 

a video signal generating circuit coupled to the coprocessor video interface, 
the video signal generating circuit generating a video signal for display on a color 
television set; 

a removable storage device including a housing, a security chip, a read only 
memory and at least one further memory device, the coprocessor including an 
arrangement that maps the read only memory and the further memory device into the 
main processor address space, the read only memory initially storing the graphics and 
audio processing microcode; and 

a connector that connects the coprocessor to the removable storage device; and 
a serial peripheral interface circuit coupled to the coprocessor serial interface, the 
serial peripheral interface circuit including a processor that performs serial interface 
functions and security functions and further includes a boot ROM that provides main 
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processor initial program load instructions, the s rial interface circuit processor being 
coupled to the removable storage device security chip through the connector. 

2. An interactive real time graphics display system comprising: 
at least one user input device; 

a main random access memory providing a common address space; 

a main processor coupled to address the main memory and also coupled to the 
user input device, the main processor storing Instructions in and executing instructions 
from the main memory in real time response to inputs received from the user input 
device, the main processor storing at least display list graphics commands and play list 
audio commands in the main memory; 

a signal processor coupled to address the main memory, the signal processor 
fetching and executing microcode stored in the main memory, the signal processor 
reading the display list graphics commands and play list audio commands from the main 
memory, the signal processor generating audio sample data in response to the play list 
audio commands and generating graphics display commands in response to the display 
list, the signal processor storing the sample data in an audio output buffer allocated within 
the main memory; 

a display processor coupled to address the main memory, the display processor 
generating image data based at least in part on at least one texture map and other 
graphics data stored in the main memory, the display processor producing the image data 
in response to the graphics display commands, the display processor storing the image 
data in a color image frame buffer within the main memory; 

a video interface coupled to address the main memory, the video interface reading 
the color image frame buffer in synchronism with display raster scan; and 

an audio interface coupled to address the main memory, the audio interface 
reading the audio output buffer In synchronism with real time sound generation. 
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3. A method of operating a graphics display system of the type including a main 

processor, a coprocessor coupled to the main processor, a main random access 
memory coupled to the coprocessor and addressable by both the main processor 
and the coprocessor, and a video signal generating arrangement that produces a 
video signal for display, the method including the following steps: 

(a) storing main processor code into the main memory, 

(b) executing, with the main processor, the main processor code stored by the 
storing step, said executing step including storing coprocessor code, a task list, at least 
one texture map and a color lookup table into the main memory; 

(c) fetching the task list from main memory; 

(d) processing the task list with the coprocessor in accordance at least in part with 
the coprocessor code stored by step (b), the processing step including performing the 
following steps: 

(1) loading the texture map and the color lookup table from the main 
memory into an on-chip texture memory; 

(2) performing at least one 3D geometric transformation on a set of vertices 
using a scalar unit and a vector unit including performing multiple calculations in 
parallel with the vector unit; 

(3) generating a triangle command based on the 3D geometric 
transformation; 

(4) generating a pixel value in response to the triangle command; 

(5) accessing the texture memory twice to provide color indexed texels 
based on the triangle command; 

(6) combining the texels with the generated pixel value to generate a 
combined pixel value; 

(7) accessing pixel values in a frame buffer stored in the main memory; 

(8) blending the combined pixel value with at least one pixel value stored in 
the frame buffer; 
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(9) conditionally writing the combined plx I value into the frame buffer 
based on a comparison using a depth buffer stored in the main memory; 

(10) using said scalar and vector units to generate output audio samples 
including performing multiple calculations in parallel with the vector unit; and 

(1 1 ) storing the output audio samples into the main memory; 

(e) reading the frame buffer in real time synchronism with color television set line 
scanning and converting the frame buffer contents to a composite video signal; and 

(f) reading the stored output audio samples in real time and converting the stored 
audio samples into stereo sound. 

4. A process for generating at least one display mode control command for 

processing by a 3D graphics system, the process including the step of generating 
at least one set mode command having: 

a command identifier field including a six-bit binary value of 1 01 1 1 1 , and 
at least one of the following mode control fields: 

(k) an atomic primitive mode field that specifies whether to force writing a primitive 

to a frame buffer before reading a following primitive, 

(i) a cycle type mode field that selects a display pipeline cycle control mode, 
(h) a perspective texture enable mode field that selectively enables perspective 

texture correction, 

(g) a texture detail mode field that selectively enables texture detail processing, 
(f) a texture sharpen enable mode field that selectively enables texture 

sharpening, 

(e) a texture detail enable mode field that selectively enables texture level-of-detail 
processing, 

(d) an enable look up table mode field that selectively enables lookup of texture 
values from a color look up table, 

(c) a texture look up table type mode field that specifies type of texels in the color 
look up table, 



(119) 



»M¥9-3 25 75 9 



M#-^=0 0 0 5 6 8 (6) 

(b) a sample type mod field that specifies how texels should be sampled, 

(a) a mid texel mode field that specifies whether texels should be filtered using a 

2X2 half texel interpolation, 

(Z) a first bilerp mode field that specifies whether a texture filter should bilinearly 

interpolate texels in pipeline cycle 0, 

(Y) a second bilerp mode field that specifies whether a texture filter should 

bilinearly interpolate texels in pipeline cycle 1 , 

(X) a texel convert mode field that specifies whether a texel outputted by the 

texture filter during pipeline cycle 0 should be color converted, 

(W) a chroma key enable mode field that selectively enables chroma keying, 

(V2) an rgb dither select mode field that selects type of rgb dithering, 

(V1 ) an alpha dither select mode field that selects type of alpha dithering, 

(V) a plurality of blend modewords that specify blender parameters, 

(M) a force blend enable mode field that specifies whether the blender should be 

force enabled, 

(L) an alpha coverage select mode field that specifies whether coverage should be 
used to determine pixel alpha, 

(K) a coverage times alpha select mode field that specifies whether coverage 
multiplied by alpha should be used to determine pixel alpha and coverage, 

(J) a 2 mode select mode field that specifies z buffering mode, 

(I) a coverage destination mode field that specifies coverage destination, 

(H) a color on coverage mode field that specifies whether color should be updated 
only on coverage overflow, 

(G) an image read enable mode field that selectively enables color and/or 
coverage read/modify/write frame buffer memory access, 

(F) a z update enable mode field that selectively enables z buffer writing 
conditioned on whether color write is enabled, 

(E) a z compare enable mode field that specifies conditional color write enable on 
depth comparison, 
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(D) an anti-alias enable mcxle field that allows blend enable using coverage, 
(C) a z source select mode field that chooses between primitive depth and pixel 

depth. 

(B) a dither alpha enable mode field that specifies whether random noise should 
be used in alpha compare, and 

(A) an alpha compare enable mode field that enables conditional color write on 
alpha compare. 

5. A process as in claim 1 including the step of generating a cycle type mode field 
that selects a display pipeline cycle control mode of 1 cycle per pixel mode, 2 
cycles per pixel mode, copy mode and fill mode. 

6. A process as in claim 1 including the step of generating a texture look up table type 
mode field that between: 

(1) storing texels in a color look up table in RGBA format of 5 bits red, 5 bits green, 
5 bits blue and 1 bit alpha, and 

(2) storing texels in a color look up table in intensity alpha format providing an 8 bit 
intensity value and an 8 bit alpha value. 

7. A process as in claim 1 including the step of generating a sample type mode field 
that selects between: 

(1) point sampling, and 

(2) 2X2 array sampling. 

8. A process as in claim 1 including the step of generating an rgb dither select mode 
field that selects between dithering based on: 

(1) a magic square matrix, 

(2) a bayer matrix, 

(3) noise, or 
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9. A process as in claim 1 including the step of generating an alpha dithering select 
mode field that specifies dithering based on: 

(1) a predetermined pattern, 

(2) the negative of the predetermined pattern, 

(3) noise, or 

(4) no dithering. 

1 0. A process as in claim 1 including the step of generating a plurality of biend 
modeword that specify blender parameters specifying: 

selectively multiplying a first blender input during pipeline cycle 0, 
selectively multiplying the first blender input during pipeline cycle 1, 
selectively multiplying a second blender input during pipeline cycle 0, 
selectively multiplying the second blender input during pipeline cycle 1 , 
selectively multiplying a third blender input during pipeline cycle 0, 
selectively multiplying the third blender input during pipeline cyde 1 , 
selectively multiplying a fourth blender input during pipeline cycle 0, 
selectively multiplying the fourth blender input during pipeline cycle 1 . 

11. A process as in claim 1 including the step of generating a coverage destination 
mode field that selects between the following coverage destination modes: 

(1) clamp, 

(2) wrap, 

(3) force to full coverage, and 

(4) save. 

12. A process as in claim 1 including the step of generating a z mode select mode 
field that selects one of the following z buffering modes: 
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(1) opaque, 

(2) interpenetrating, 

(3) transparent, and 

(4) decal. 

13. A system for generating at least one 3D display mode control command for 
processing by a 3D graphics system, the system including: 
at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for providing at least one set 
mode command having: 

a command identifier field including a six-bit binary value of 101 1 1 1 , and 
at least one of the following mode control fields: 

(k) an atomic primitive mode field that specifies whether to force writing a primitive 

to a frame buffer before reading a following primitive, 

(i) a cycle type mode field that selects a display pipeline cycle control mode, 
(h) a perspective texture enable mode field that selectively enables perspective 

texture correction, 

(g) a texture detail mode field that selectively enables texture detail processing, 
(f) a texture sharpen enable mode field that selectively enables texture 
sharpening, 

(e) a texture detail enable mode field that selectively enables texture level-of-detall 
processing, 

(d) an enable look up table mode field that selectively enables lookup of texture 
values from a color look up table, 

(c) a texture look up table type mode field that specifies type of texels in the color 
look up table, 

(b) a sample type mode field that specifies how texels should be sampled, 
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(a) a mid texel mode field that specifies whether texels should be filtered using a 
2X2 half texel interpolation, 

(Z) a first bilerp mode field that specifies whether a texture filter should bilinearly 

interpolate texels in pipeline cycle 0, 

(Y) a second bilerp mode field that specifies whether a texture filter should 

bilinearly interpolate texels in pipeline cycle 1 , 

(X) a texel convert mode field that specifies whether a texel outputted by the 

texture filter during pipeline cycle 0 should be color converted, 

(W) a chroma key enable mode field that selectively enables chroma keying, 

(V2) an rgb dither select mode field that selects type of rgb dithering, 

(V1) an alpha dither select mode field that selects type of alpha dithering, 

(V) a plurality of blend modewords that specify blender parameters, 

(M) a force blend enable mode field that specifies whether the blender should be 

force enabled, 

(L) an alpha coverage select mode field that specifies whether coverage should be 
used to determine pixel alpha, 

(K) a coverage times alpha select mode field that specifies whether coverage 
multiplied by alpha should be used to determine pixel alpha and coverage, 

(J) a z mode select mode field that specifies z buffering mode, 

(I) a coverage destination mode field that specifies coverage destination, 

(H) a color on coverage mode field that specifies whether color should be updated 
only on coverage overflow, 

(G) an image read enable mode field that selectively enables color and/or 
coverage read/mod rfy/write frame buffer memory access, 

(F) a z update enable mode field that selectively enables z buffer writing 
conditioned on whether color write is enabled, 

(E) a z compare enable mode field that specifies conditional color write enable on 

depth comparison, 

(D) an anti-alias enable mode field that allows blend enable using coverage, 
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(C) a z source select mode field that chooses between primitive depth and pixel 

depth. 

(B) a dither alpha enable mode field that specifies whether random noise should 
be used in alpha compare, and 

(A) an alpha compare enable mode field that enables conditional color write on 

alpha compare. 

14. A system as in claim 10 including means for generating a cycle type mode field 
that selects a display pipeline cycle control mode of 1 cycle per pixel mode, 2 
cycles per pixel mode, copy mode and fill mode. 

1 5. A system as in claim 1 0 including means for providing a texture look up table type 
mode field that selects between: 

(1) storing texels in a color look up table in RGBA format of 5 bits red, 5 bits green, 
5 bits blue and 1 bit alpha, and 

(2) storing texels in a color look up tabie in intensity alpha format providing an 8 bit 
intensity value and an 8 bit alpha value. 

1 6. A system as in claim 1 0 including circuitry for providing a sample type mode field 
that selects between: 

(1 ) point sampling, and 

(2) 2X2 array sampling. 

17. A system as in claim 1 0 including circuitry for providing an rgb dither select mode 
field that selects between dithering based on: 

(1) a magic square matrix, 

(2) a bayer matrix, 

(3) noise, or 

(4) no dithering. 
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1 8. A system as in claim 1 0 including means for generating an alpha dithering select 
mode field that specifies dithering based on: 

(1) a predetermined pattern, 

(2) the negative of the predetermined pattern, 

(3) noise, or 

(4) no dithering. 



19. A system as in claim 1 0 including means for generating a plurality of blend 
modeword that specify blender parameters specifying: 
selectively multiplying a first blender input during pipeline cycle 0, 
selectively multiplying the first blender input during pipeline cycle 1, 
selectively multiplying a second blender input during pipeline cycle 0, 
selectively multiplying the second blender input during pipeline cycle 1, 
selectively multiplying a third blender input during pipeline cycle 0, 
selectively multiplying the third blender input during pipeline cycle 1 , 
selectively multiplying a fourth blender input during pipeline cycle 0, 
selectively multiplying the fourth blender input during pipeline cycle 1 . 



20. A system as in claim 10 including circuitry for generating a coverage destination 
mode field that selects between the following coverage destination modes: 

(1) clamp, 

(2) wrap, 

(3) force to full coverage, and 

(4) save. 

21 . A system as in claim 10 including circuitry for providing a z mode select mode field 
that selects one of the following z buffering modes: 

(1) opaque, 

(2) interpenetrating, 



(126) 

0 0 0 5 6 8 

(3) transparent, and 

(4) decal. 

22. In a 3D graphics system, a process for interpreting at least one set mode 
command including the steps of: 

(1) interpreting a command identifier field including a six-bit binary value of 
101111, 

(2) interpreting at least one of the following mode control fields: 

(k) an atomic primitive mode field that specifies whether to force writing a primitive 

to a frame buffer before reading a following primitive, 

(i) a cycle type mode field that selects a display pipeline cycle control mode, 
(h) a perspective texture enable mode field that selectively enables perspective 

texture correction, 

(g) a texture detail mode field that selectively enables texture detail processing, 
(f) a texture sharpen enable mode field that selectively enables texture 
sharpening, 

(e) a texture detail enable mode field that selectively enables texture level-of-detail 
processing, 

(d) an enable look up table mode field that selectively enables lookup of texture 
values from a color look up table, 

(c) a texture look up table type mode field that specifies type of texels in the color 
look up table, 

(b) a sample type mode field that specifies how texels should be sampled, 

(a) a mid texel mode field that specifies whether texels should be filtered using a 
2X2 half texel interpolation, 

(Z) a first bilerp mode field that specifies whether a texture filter should bilinearly 
interpolate texels in pipeline cycle 0, 

(Y) a second bilerp mode field that specifies whether a texture filter should 
bilinearly interpolate texels in pipeline cycle 1 , 
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(X) a texel convert mode field that specifies whether a texel outputted by the 

texture filter during pipeline cycle 0 should be color converted, 

(W) a chroma key enable mode field that selectively enables chroma keying, 

(V2) an rgb dither select mode field that selects type of rgb dithering, 

(V1 ) an alpha dither select mode field that selects type of alpha dithering, 

(V) a plurality of blend modewords that specify blender parameters, 

(M) a force blend enable mode field that specifies whether the blender should be 

force enabled, 

(L) an alpha coverage select mode field that specifies whether coverage should be 
used to determine pixel alpha, 

(K) a coverage times alpha select mode field that specifies whether coverage 
multiplied by alpha should be used to determine pixel alpha and coverage, 

(J) a z mode select mode field that specifies z buffering mode, 

(I) a coverage destination mode field that specifies coverage destination, 

(H) a color on coverage mode field that specifies whether color should be updated 
only on coverage overflow, 

(G) an image read enable mode field that selectively enables color and/or 
coverage read/modify/write frame buffer memory access, 

(F) a z update enable mode field that selectively enables z buffer writing 
conditioned on whether color write is enabled, 

(E) a z compare enable mode field that specifies conditional color write enable on 
depth comparison, 

(D) an anti-alias enable mode field that allows blend enable using coverage, 
(C) a z source select mode field that chooses between primitive depth and pixel 

depth, 

(B) a dither alpha enable mode field that specifies whether random noise should 
be used in alpha compare, 

(A) an alpha compare enable mode field that enables conditional color write on 
alpha compare, and 
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(3) generating an image based at t ast in part on step (2). 
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23. A process as in claim 19 including the step of interpreting a cycle type mode field 
that selects a display pipeline cycle control mode of 1 cycle per pixel mode, 2 
cycles per pixel mode, copy mode and fill mode. 

24. A process as in claim 19 including the step of interpreting a texture look up table 
type mode field that selects between: 

(1) storing texels in a color look up table in RGBA format of 5 bits red, 5 bits green, 
5 bits blue and 1 bit alpha, and 

(2) storing texels in a color look up table in intensity alpha format providing an 8 bit 
intensity value and an 8 bit alpha value. 

25. A process as in claim 1 9 including the step of interpreting a sample type mode field 
that selects between: 

(1) point sampling, and 

(2) 2X2 array sampling. 

26. A process as in claim 1 9 including the step of interpreting an rgb dither select 
mode field that selects between dithering based on: 

(1 ) a magic square matrix, 

(2) a bayer matrix, 

(3) noise, or 

(4) no dithering. 

27. A process as in claim 19 including the step of interpreting an alpha dithering select 
mode field that specifies dithering based on: 

(1) a predetermined pattern, 

(2) the negative of the predetermined pattern, 
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(3) noise, or 

(4) no dithering. 

28. A process as In claim 19 including the step of interpreting a plurality of blend 
modeword that specify blender parameters specifying: 

selectively multiplying a first blender input during pipeline cycle 0, 
selectively multiplying the first blender input during pipeline cycle 1 , 
selectively multiplying a second blender input during pipeline cycle 0, 
selectively multiplying the second blender input during pipeline cycle 1, 
selectively multiplying a third blender input during pipeline cycle 0, 
selectively multiplying the third blender input during pipeline cycle 1 , 
selectively multiplying a fourth blender input during pipeline cycle 0, 
selectively multiplying the fourth blender input during pipeline cycle 1 . 

29. A process as in claim 19 including the step of interpreting a coverage destination 
mode field that selects between the following coverage destination modes: 

(1) clamp. 

(2) wrap, 

(3) force to full coverage, and 

(4) save. 

30. A process as in claim 19 including the step of interpreting a z mode select mode 
field that selects one of the following z buffering modes: 

(1) opaque, 

(2) interpenetrating, 

(3) transparent, and 

(4) decal. 
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31 . A 3D graphics system for interpreting at least one set mode command having a 
command identifier field including a six-bit binary value of 101 1 1 1 , the system 
including: 

a first decoder that interprets a command identifier field including a six-bit binary 
value of 101111, 

(k) circuitry for interpreting an atomic primitive mode field that specifies whether to 
force writing a primitive to a frame buffer before reading a following primitive, 

(i) circuitry for interpreting a cycle type mode field that selects a display pipeline 
cycle control mode, 

(h) circuitry for interpreting a perspective texture enable mode field that selectively 
enables perspective texture correction, 

(g) circuitry for interpreting a texture detail mode field that selectively enables 
texture detail processing, 

(f) circuitry for interpreting a texture sharpen enable mode field that selectively 
enables texture sharpening, 

(e) circuitry for interpreting a texture detail enable mode field that selectively 
enables texture level-of-detail processing, 

(d) circuitry for interpreting an enable look up table mode field that selectively 
enables lookup of texture values from a color look up table, 

(c) circuitry for interpreting a texture look up table type mode field that specifies 
type of texels in the color look up table, 

(b) circuitry for interpreting a sample type mode field that specifies how texels 
should be sampled, 

(a) circuitry for interpreting a mid texel mode field that specifies whether texels 
should be filtered using a 2X2 half texel Interpolation, 

(Z) circuitry for interpreting a first bilerp mode field that specifies whether a texture 
filter should bilinearly interpolate texels In pipeline cycle 0, 

(Y) circuitry for interpreting a second bilerp mode field that specifies whether a 
texture filter should bilinearly interpolate texels in pipeline cycle 1 , 
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(X) circuitry for interpreting a texel convert mode field that specifies whether a texel 

outputted by the texture filter during pipeline cycle 0 should be color converted, 

(W) circuitry for interpreting a chroma key enable mode field that selectively 

enables chroma keying, 

(V2) circuitry for interpreting an rgb dither select mode field that selects type of rgb 

dithering, 

(V1 ) circuitry for interpreting an alpha dither select mode field that selects type of 
alpha dithering, 

(V) circuitry for interpreting a plurality of blend modewords that specify blender 
parameters, 

(M) circuitry for interpreting a force blend enable mode field that specifies whether 
the blender should be force enabled, 

(L) circuitry for interpreting an alpha coverage select mode field that specifies 
whether coverage should be used to determine pixel alpha, 

(K) circuitry for interpreting a coverage times alpha select mode field that specifies 
whether coverage multiplied by alpha should be used to determine pixel alpha and 
coverage, 

(J) circuitry for interpreting a z mode select mode field that specifies z buffering 

mode, 

(I) circuitry for interpreting a coverage destination mode field that specifies 
coverage destination, 

(H) circuitry for interpreting a color on coverage mode field that specifies whether 
color should be updated only on coverage overflow, 

(G) circuitry for interpreting an image read enable mode field that selectively 
enables color and/or coverage read/modify/write frame buffer memory access, 

(F) circuitry for interpreting a z update enable mode field that selectively enables z 
buffer writing conditioned on whether color write is enabled, 

(E) circuitry for interpreting a z compare enable mode field that specifies 
conditional color write enable on depth comparison, 
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(D) circuitry for int rpreting an anti-alias enable mode field that allows blend enable 
using coverage, 

(C) circuitry tor interpreting a z source select mode field that chooses between 
primitive depth and pixel depth, 

(B) circuitry for interpreting a dither alpha enable mode field that specifies whether 
random noise should be used in alpha compare, 

(A) circuitry for interpreting an alpha compare enable mode field that enables 
conditional color write on alpha compare, and 

circuitry coupled to above-mentioned circuitry (a)-(k), (A)-(M), (V1), (V2) and (W)- 
(Z) for generating an image. 

32. An apparatus as in claim 28 including means for interpreting a cycle type mode 
field that selects a display pipeline cycle control mode of 1 cycle per pixel mode, 2 
cycles per pixel mode, copy mode and fill mode. 

33. An apparatus as in claim 28 including means for interpreting a texture look up table 
type mode field that selects between: 

(1) storing texels in a color look up table in RGBA format of 5 bits red, 5 bits green, 
5 bits blue and 1 bit alpha, and 

(2) storing texels in a color look up table in intensity alpha format providing an 8 bit 
intensity value and an 8 bit alpha value. 

34. An apparatus as in claim 28 including means for interpreting a sample type mode 
field that selects between: 

(1) point sampling, and 

(2) 2X2 array sampling. 

35. An apparatus as in claim 28 including means for interpreting an rgb dither select 
mode field that selects between dithering based on: 
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(1) a magic square matrix, 

(2) a bayer matrix, 

(3) noise, or 

(4) no dithering. 

36. An apparatus as in claim 28 including means for interpreting an alpha dithering 
select mode field that specifies dithering based on: 

(1) a predetermined pattern, 

(2) the negative of the predetermined pattern, 

(3) noise, or 

(4) no dithering. 

37. An apparatus as in claim 28 including means for interpreting a plurality of blend 
modeword that specify blender parameters specifying: 

selectively multiplying a first blender input during pipeline cycle 0, 
selectively multiplying the first blender input during pipeline cycle 1 , 
selectively multiplying a second blender input during pipeline cycle 0, 
selectively multiplying the second blender input during pipeline cycle 1 , 
selectively multiplying a third blender input during pipeline cycle 0, 
selectively multiplying the third blender input during pipeline cycle 1, 
selectively multiplying a fourth blender input during pipeline cycle 0, 
selectively multiplying the fourth blender input during pipeline cycle 1 . 

38. An apparatus as in claim 28 including means for interpreting a coverage 
destination mode field that selects between the following coverage destination 
modes: 

(1) clamp, 

(2) wrap, 

(3) force to full coverage, and 
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(4) save. 

39. An apparatus as in claim 28 including means for interpreting a z mode select 
mode field that selects one of the following z buffering modes: 

(1) opaque, 

(2) interpenetrating, 

(3) transparent, and 

(4) decal. 

40. A storage medium for use with a 3D graphics system, the storage medium storing 
at least one 3D display mode control command including: 

a command identifier field including a six-bit binary value of 1 01 1 1 1 , and 
at least one of the following mode control fields: 

(k) an atomic primitive mode field that specifies whether to force writing a primitive 

to a frame buffer before reading a following primitive, 

(I) a cycle type mode field that selects a display pipeline cycle control mode, 
(h) a perspective texture enable mode field that selectively enables perspective 

texture correction, 

(g) a texture detail mode field that selectively enables texture detail processing, 
(f) a texture sharpen enable mode field that selectively enables texture 
sharpening, 

(a) a texture detail enable mode field that selectively enables texture level-of-detail 
processing, 

(d) an enable look up table mode field that selectively enables lookup of texture 
values from a color look up table, 

(c) a texture look up table type mode field that specifies type of texels in the color 
look up table, 

(b) a sample type mode field that specifies how texels should be sampled, 
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(a) a mid texel mode field that specifies whether texels should be filtered using a 

2X2 half texel interpolation, 

(Z) a first bllerp mode field that specifies whether a texture filter should bilinearly 

interpolate texels in pipeline cycle 0, 

(Y) a second bilerp mode field that specifies whether a texture filter should 

bilinearly interpolate texels in pipeline cycle 1, 

(X) a texel convert mode field that specifies whether a texel outputted by the 

texture filter during pipeline cycle 0 should be color converted, 

(W) a chroma key enable mode field that selectively enables chroma keying, 

(V2) an rgb dither select mode field that selects type of rgb dithering, 

(V1) an alpha dither select mode field that selects type of alpha dithering, 

(V) a plurality of blend modewords that specify blender parameters, 

(M) a force blend enable mode field that specifies whether the blender should be 

force enabled, 

(L) an alpha coverage select mode field that specifies whether coverage should be 
used to determine pixel alpha, 

(K) a coverage times alpha select mode field that specifies whether coverage 
multiplied by alpha should be used to determine pixel alpha and coverage, 

(J) a z mode select mode field that specifies z buffering mode, 

(I) a coverage destination mode field that specifies coverage destination, 

(H) a color on coverage mode field that specifies whether color should be updated 
only on coverage overflow, 

(G) an image read enable mode field that selectively enables color and/or 
coverage read/modify/write frame buffer memory access, 

(F) a z update enable mode field that selectively enables z buffer writing 
conditioned on whether color write is enabled, 

(E) a z compare enable mode field that specifies conditional color write enable on 
depth comparison, 

(D) an anti-alias enable mode field that allows blend enable using coverage, 
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(C) a z source select mode field that chooses between primitive depth and pixel 

depth. 

(B) a dither alpha enable mode field that specifies whether random noise should 
be used in alpha compare, and 

(A) an alpha compare enable mode field that enables conditional color write on 
alpha compare. 

41 . A storage medium as in claim 37 including means for storing a cycle type mode 
field that selects a display pipeline cycle control mode of 1 cycle per pixel mode, 2 
cycles per pixel mode, copy mode and fill mode. 

42. A storage medium as in claim 37 including means for storing a texture took up 
table type mode field that selects between: 

(1) storing texels in a color look up table in RGBA format of 5 bits red, 5 bits green, 
5 bits blue and 1 bit alpha, and 

(2) storing texels in a color look up table in intensity alpha format providing an 8 bit 
intensity value and an 8 bit alpha value. 

43. A storage medium as in claim 37 Including means for storing a sample type mode 
field that selects between: 

(1) point sampling, and 

(2) 2x2 array sampling. 

44. A storage medium as in claim 37 including means for storing an rgb dither select 
mode field that selects between dithering based on: 

(1) a magic square matrix, 

(2) a bayer matrix, 

(3) noise, or 

(4) no dithering. 
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45. A storage medium as in claim 37 including means f 
select mode field that specifies dithering based on: 

(1) a predetermined pattern, 

(2) the negative of the predetermined pattern, 

(3) noise, or 

(4) no dithering. 

46. A storage medium as in claim 37 including means for storing a plurality of blend 
modeword that specify blender parameters specifying: 

selectively multiplying a first blender input during pipeline cycle 0, 
selectively multiplying the first blender input during pipeline cycle 1 , 
selectively multiplying a second blender input during pipeline cycle 0, 
selectively multiplying the second blender input during pipeline cycle 1 , 
selectively multiplying a third blender input during pipeline cycle 0, 
selectively multiplying the third blender input during pipeline cycle 1 , 
selectively multiplying a fourth blender input during pipeline cycle 0, 
selectively multiplying the fourth blender input during pipeline cycle 1 . 

47. A storage medium as in claim 37 including means for storing a coverage 
destination mode field that selects between the following coverage destination 
modes: 

(1) clamp, 

(2) wrap, 

(3) force to full coverage, and 

(4) save. 

48. A storage medium as in claim 37 including means for storing a z mode select 
mode field that selects one of the following z buffering modes: 

(1) opaque, 
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(2) interpenetrating, 

(3) transparent, and 

(4) decal. 

49. A process for generating at least one display mode control command for 
processing by a 3D graphics system, the process including the step of generating 
at least one set mode command having: 

a command identifier field including a six-bit binary value of 1 1 1 100, and 
at least one of the following additional fields: 

at least one combiner subtract mode control field that specifies subtracting at least 
one color space value from a color combiner, 

at least one combiner multiply mode control field that specifies multiplying a color 
combiner input by at least one color space value, and 

at least one combiner add control field that specifies a color combiner adder input. 

50. A process as in claim 46 further including the step of generating the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a subtract Source A, 

(2) a subtract source control field specifying a subtract Source B, 

(3) a multiply source control field specifying a multiply source C, and 

(4) an add source control field specifying an add source D. 

51 . A process as in claim 46 further including the step of generating the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A, 

(2) a subtract source control field specifying an alpha component subtract Source 
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(3) a subtract source control field specifying a RGB component subtract Source B, 

(4) a subtract source control field specifying an alpha component subtract Source 

B, 

(5) a multiply source control field specifying an RGB component multiply source C, 

(6) a multiply source control field specifying an alpha component multiply source 

C, 

(7) an add source control field specifying an RGB component add source D, and 

(8) an add source control field specifying an alpha component add source D. 

52. A process as in claim 46 further including the step of generating the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 0; 

(2) a subtract souroe control field specifying a RGB component subtract Source A 
for pipeline cycle 1; 

(3) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 0; 

(4) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 1 ; 

(5) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 0; 

(6) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 1 ; 

(7) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 0; 

(8) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 1 ; 
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(9) a multiply source control field specifying an RGB component multiply source C 
for pipeline cycle 0; 

(10) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 0; 

(1 1) a multiply source control field specifying an RGB component multiply source 
C for pipeline cycle 1 ; 

(12) a multiply source control field specifying an alpha component multiply source 
Cfor pipeline cycle 1; 

(13) an add source control field specifying an RGB component add source D for 
pipeline cycle 0; 

(14) an add source control field specifying an alpha component add source D for 
pipeline cycle 0; 

(15) an add source control field specifying an RGB component add source D for 
pipeline cycle 1; and 

(16) an add source control field specifying an alpha component add source D for 
pipeline cycle 1 . 

53. A process as in claim 46 further including: 

generating at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for an RGB color combiner channel; and 

generating at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for an alpha color combiner channel. 

54. A process as in claim 46 further including: 

generating at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 0 color combine operation; and 

generating at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 1 color combine operation. 
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55. A system for generating at least one display mode control command for processing 
by a 3D graphics system, the system including: 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for 
providing at least one set mode command having: 

a command identifier field including a six-bit binary value of 1 1 1 100, and 
at least one of the following additional fields: 

at least one combiner subtract mode control field that specifies subtracting at least 
one color space value from a color combiner, 

at least one combiner multiply mode control field that specifies multiplying a color 
combiner input by at least one color space value, and 

at least one combiner add control field that specifies a color combiner adder input. 

56. A system as in claim 52 further including means for providing the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a subtract Source A, 

(2) a subtract source control field specifying a subtract Source B, 

(3) a multiply source control field specifying a multiply source C, and 

(4) an add source control field specifying an add source D. 

57. A system as in claim 52 further including means for generating the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A, 

(2) a subtract source control field specifying an alpha component subtract Source 

A, 

(3) a subtract source control field specifying a RGB component subtract Source B, 
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(4) a subtract source control field specifying an alpha component subtract Source 

B, 

(5) a multiply source control field specifying an RGB component multiply source C, 

(6) a multiply source control field specifying an alpha component multiply source 

C, 

(7) an add source control field specifying an RGB component add source D, and 

(8) an add source control field specifying an alpha component add source D. 

58. A system as in claim 52 further including circuitry for generating the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 0; 

(2) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 1 ; 

(3) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 0; 

(4) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 1 ; 

(5) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 0; 

(6) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 1 ; 

(7) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 0; 

(8) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 1 ; 

(9) a multiply source control field specifying an RGB component multiply source C 
for pipeline cycle 0; 
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(10) a multiply source control field specifying an alpha component multiply source 

C for pipeline cycle 0; 

(1 1) a multiply source control field specifying an RGB component multiply source 

C for pipeline cycle 1 ; 

(12) a multiply source control field specifying an alpha component multiply source 

C for pipeline cycle 1 ; 

(13) an add source control field specifying an RGB component add source D for 

pipeline cycle 0; 

(14) an add source control field specifying an alpha component add source D for 
pipeline cycle 0; 

(1 5) an add source control field specifying an RGB component add source D for 

pipeline cycle 1 ; and 

(16) an add source control field specifying an alpha component add source Dfor 

pipeline cycle 1 . 

59. A system as in claim 52 further including: 

circuitry for providing at least first, second, third and fourth multiplexer select 
values specifying corresponding inputs for an RGB color combiner channel; and 

means for providing at least fifth, sixth, seventh and eighth multiplexer select 
values specifying corresponding inputs for an alpha color combiner channel. 

60. A system as in claim 52 further including: 

circuitry for generating at least first, second, third and fourth multiplexer select 
values specifying corresponding inputs for a pipeline cycle 0 color combine operation; and 

circuitry for generating at least fifth, sixth, seventh and eighth multiplexer select 
values specifying corresponding inputs for a pipeline cycle 1 color combine operation. 

61 . In a 3D graphics display system, a process for interpreting at least one set mode 
command comprising: 
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(a) interpreting a command identifier field including a six-bit binary value of 
111100, 

(b) interpreting at least one of the following additional fields: 

at least one combiner subtract mode control field that specifies subtracting 
at least one color space value from a color combiner, 

at least one combiner multiply mode control field that specifies multiplying a 
color combiner input by at least one color space value, and 

at least one combiner add control field that specifies a color combiner adder 
input, and 

(c) generating an image based at least in part on step (b). 

62. A process as in claim 58 further including the step of interpreting the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a subtract Souroe A, 

(2) a subtract source control field specifying a subtract Source B, 

(3) a multiply source control field specifying a multiply source C, and 

(4) an add source control field specifying an add source D. 

63. A process as in claim 58 further including the step of interpreting the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A, 

(2) a subtract source control field specifying an alpha component subtract Source 

A, 

(3) a subtract source control field specifying a RGB component subtract Source B, 

(4) a subtract source control field specifying an alpha component subtract Source 

B, 

(5) a multiply source control field specifying an RGB component multiply source C, 
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(6) a multiply source control field specifying an alpha component multiply source 

C, 

(7) an add source control field specifying an RGB component add source D, and 

(8) an add source control field specifying an alpha component add source D. 

64. A process as in claim 58 further including the step of interpreting the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 0; 

(2) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 1 ; 

(3) a subtract source control field specifying an alpha component subtract Source 
A tor pipeline cycle 0; 

(4) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 1 ; 

(5) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 0; 

(6) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 1 ; 

(7) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 0; 

(8) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 1 ; 

(9) a multiply source control field specifying an RGB component multiply source C 
for pipeline cycle 0; 

(1 0) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 0; 
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(1 1) a multiply sourc control field specifying an RGB component multiply source 
C for pipeline cycle 1 ; 

(1 2) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 1 ; 

(13) an add source control field specifying an RGB component add source D for 
pipeline cycle 0; 

(1 4) an add source control field specifying an alpha component add source D for 
pipeline cycle 0; 

(1 5) an add source control field specifying an RGB component add source D for 
pipeline cycle 1 ; and 

(1 6) an add source control field specifying an alpha component add source D for 
pipeline cycle 1. 

65. A process as in claim 58 further including: 

interpreting at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for an RGB color combiner channel; and 

interpreting at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for an alpha color combiner channel. 

66. A process as in claim 58 further including: 

interpreting at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 0 color combine operation; and 

interpreting at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 1 color combine operation. 

67. A 3D graphics display system for interpreting at least one set mode command 
including a six-bit binary value of 1 1 1 1 00, the system comprising: 

(a) means for interpreting a command identifier field including a six-bit binary 
value of 11 1 1 00, 
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(b) means for generating at least one control signal based on at least one of the 
following additional fields: 

at least one combiner subtract mode control field that specifies subtracting 
at least one color space value from a color combiner, 

at least one combiner multiply mode control field that specifies multiplying a 
color combiner input by at least one color space value, and 

at least one combiner add control field that specifies a color combiner adder 
input, and 

(c) means for generating an image based at least in part on the control signal. 

68. An apparatus as in claim 64 further including a combiner circuit that interprets the 
following combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a subtract Source A, 

(2) a subtract source control field specifying a subtract Source B, 

(3) a multiply source control field specifying a multiply source C, and 

(4) an add source control field specifying an add source D. 

69. An apparatus as in claim 64 further including a combiner that interprets the 
following combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A, 

(2) a subtract source control field specifying an alpha component subtract Source 

A, 

(3) a subtract source control field specifying a RGB component subtract Source B, 

(4) a subtract source control field specifying an alpha component subtract Source 

B, 

(5) a multiply source control field specifying an RGB component multiply source C, 
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(6) a multiply source control fi Id specifying an alpha component multiply source 

C, 

(7) an add source control field specifying an RGB component add source D, and 

(8) an add source control field specifying an alpha component add source D. 

70. An apparatus as in claim 64 further including a combiner that combines color 
signals based on the following combiner subtract mode control fields to specify 
multiplexer sources for implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 0; 

(2) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 1 ; 

(3) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 0; 

(4) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 1 ; 

(5) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 0; 

(6) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 1 ; 

(7) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 0; 

(8) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 1 ; 

(9) a multiply source control field specifying an RGB component multiply source C 
for pipeline cycle 0; 

(10) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 0; 
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(1 1) a multiply source control field specifying an RGB component multiply source 
C for pipeline cycle 1 ; 

(12) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 1 ; 

(1 3) an add source control field specifying an RGB component add source D for 
pipeline cycle 0; 

(14) an add source control field specifying an alpha component add source D for 
pipeline cycle 0; 

(15) an add source control field specifying an RGB component add source D for 
pipeline cycle 1 ; and 

(16) an add source control field specifying an alpha component add source D for 
pipeline cycle 1 . 

71 . An apparatus as in claim 64 further including: 

means for interpreting at least first, second, third and fourth multiplexer select 
values specifying corresponding inputs for an RGB color combiner channel; and 

means for interpreting at least fifth, sixth, seventh and eighth multiplexer select 
values specifying corresponding inputs for an alpha color combiner channel. 

72. An apparatus as in claim 64 further including: 

means for interpreting at least first, second, third and fourth multiplexer select 
values specifying corresponding inputs for a pipeline cycle 0 color combine operation; and 

means for interpreting at least fifth, sixth, seventh and eighth multiplexer select 
values specifying corresponding inputs for a pipeline cycle 1 color combine operation. 



73. A storage medium for use with a 3D graphics system, the storage medium storing 
at least one display mode control command having: 
a command identifier field including a six-bit binary value of 1 1 1 1 00, and 
at least one of the following additional fields: 
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at least one combiner subtract mode control field that specifies subtracting at least 

one color space value from a color combiner, 

at least one combiner multiply mode control field that specifies multiplying a color 

combiner input by at least one cotor space value, and 

at least one combiner add control field that specifies a color combiner adder input. 



74. A storage medium as in claim 70 further including means for storing the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a subtract Source A, 

(2) a subtract source control field specifying a subtract Source B, 

(3) a multiply source control field specifying a multiply source C, and 

(4) an add source control field specifying an add source D. 

75. A storage medium as in claim 70 further including means for storing the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A, 

(2) a subtract source control field specifying an alpha component subtract Source 

A, 

(3) a subtract source control field specifying a RGB component subtract Source B, 

(4) a subtract source control field specifying an alpha component subtract Source 

B, 

(5) a multiply source control field specifying an RGB component multiply source C, 

(6) a multiply source control field specifying an alpha component multiply source 

C, 

(7) an add source control field specifying an RGB component add source D, and 

(8) an add source control field specifying an alpha component add source D. 
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76. A storage medium as in claim 70 further including means for storing the following 
combiner subtract mode control fields to specify multiplexer sources for 
implementing the function (A-B)*C + D: 

(1) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 0; 

(2) a subtract source control field specifying a RGB component subtract Source A 
for pipeline cycle 1 ; 

(3) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 0; 

(4) a subtract source control field specifying an alpha component subtract Source 
A for pipeline cycle 1 ; 

(5) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 0; 

(6) a subtract source control field specifying a RGB component subtract Source B 
for pipeline cycle 1 ; 

(7) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 0; 

(8) a subtract source control field specifying an alpha component subtract Source 
B for pipeline cycle 1 ; 

(9) a multiply source control field specifying an RGB component multiply source C 
for pipeline cycle 0; 

(10) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 0; 

(1 1) a multiply source control field specifying an RGB component multiply source 
C for pipeline cycle 1 ; 

(12) a multiply source control field specifying an alpha component multiply source 
C for pipeline cycle 1 ; 

(13) an add source control field specifying an RGB component add source D for 
pipeline cycle 0; 
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(14) an add source control field specifying an alpha component add source D for 
pipeline cycle 0; 

(15) an add source control field specifying an RGB component add source D for 
pipeline cycle 1 ; and 

(16) an add source control field specifying an alpha component add source D for 
pipeline cycle 1 . 

77. A storage medium as in claim 70 further including: 

means for storing at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for an RGB color combiner channel; and 

means for storing at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for an alpha color combiner channel. 

78. A storage medium as in claim 70 further including: 

means for storing at least first, second, third and fourth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 0 color combine operation; and 

means for storing at least fifth, sixth, seventh and eighth multiplexer select values 
specifying corresponding inputs for a pipeline cycle 1 color combine operation. 

79. A process for generating at least one color image mode command for processing 
by a 3D graphics system, the process including the step of generating at least one 
command including: 

a command identifier field including a six-bit binary value within the set of 1 1 1 1 1 1 
and 111101; 

an (mage data format parameter; 
a color element size parameter; 
an image width parameter; and 
a base address parameter. 
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80. A process as in claim 76 further including the step of generating the image data 
format parameter selecting between the following: 

(a) rgba, 

(b) yuv, 

(c) color index, 

(d) intensity alpha, and 

(e) alpha. 

81 . The process as in claim 76 further including the step of generating the color 
element size parameter selecting between the tallowing: 

(a) 4 bit wide color element value, 

(b) 8 bit wide color element value, 

(c) 1 6 bit wide color element value, and 

(d) 32 bit wide color element value. 

82. The process as in claim 76 further including the step of generating the image width 
parameter value specifying the width in pixels of an image stored in memory. 

83. The process as in claim 76 further including the step of generating the base 
address parameter specifying the base address in main memory of the top left 
corner of the image. 

84. A system for providing at least one color image mode command for processing by 
a 3D graphics system, the system including 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for generating at least one 
command including: 
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a command identifier field including a six-bit binary value within the set of 1 1 1 1 1 1 
and 111101; 

an image data format parameter; 
a color element size parameter; 
an image width parameter; and 
a base address parameter. 

85. A system as in claim 81 further Including means for providing the image data 
format parameter selecting between the following: 

(a) rgba, 

(b) yuv, 

(c) color index, 

(d) intensity alpha, and 

(e) alpha. 

86. The system as in claim 81 further including means for providing the color element 
size parameter selecting between the following: 

(a) 4 bit wide color element value, 

(b) 8 bit wide color element value, 

(c) 16 bit wide color element value, and 

(d) 32 bit wide color element value. 

87. The system as in claim 81 further including means for providing the image width 
parameter value specifying the width in pixels of an image stored in memory. 

88. The system as in claim 81 further including means for generating the base address 
parameter specifying the base address in main memory of the top left corner of the 
image. 
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89. In a 3D graphics system, a proc ss of executing at least one color image mode 
command including: 

(a) interpreting a command identifier field including a six-bit binary value within the 
set of 1 1 1 1 1 1 and 111101 as corresponding to color image mode; 

(b) interpreting at least one of the following: 

an image data format parameter; 
a color element size parameter; 
an image width parameter; and 
a base address parameter; and 

(c) generating a color image display based at least in part on step (b). 

90. A process as in claim 86 further including the steps of selecting between the 
following based on the image data format parameter: 

(a) rgba, 

(b) yuv, 

(c) color index, 

(d) intensity alpha, and 

(e) alpha. 

91 . The process as in claim 86 further including the step of selecting between the 
following based on the color element size parameter: 

(a) 4 bit wide color element value, 

(b) 8 bit wide color element value, 

(c) 16 bit wide color element value, and 

(d) 32 bit wide color element value. 

92. The process as in claim 86 further including the step of setting the width in pixels of 
an image stored in memory based on the image width parameter value. 
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93. The process as in claim 86 further including the step of setting the base address in 
main memory of the top left corner of the image based on the base address 
parameter. 

94. A 3D graphics system for executing at least one color image mode command 
having a command identifier field including a six-bit binary value within the set of 
111111 and 111101 as corresponding to color image mode, the system including: 
a command identifier decoder for interpreting a command identifier field including a 

six-bit binary value within the set of 1 1 1 1 1 1 and 1 1 1 101 as corresponding to color image 
mode; 

a command parameter decoder for interpreting at least one of the following; 
an image data format parameter; 
a color element size parameter; 
an image width parameter; and 
a base address parameter; and 
a display circuit that generates a color image display based at least in part on 
parameters. 

95. An apparatus as in claim 91 further including structure for selecting between the 
following based on the image data format parameter: 

(a) rgba, 

(b) yuv, 

(c) color index, 

(d) intensity alpha, and 

(e) alpha. 

96. The process as in claim 91 further including structure for selecting between the 
following based on the color element size parameter: 

(a) 4 bit wide color element value, 
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(b) 8 bit wide color element value, 

(c) 16 bit wide color element value, and 

(d) 32 bit wide color element value. 

97. The process as in claim 91 further including means for setting the width in pixels of 
an image stored in memory based on the image width parameter value. 

98. The process as in claim 91 further including a circuit for setting the base address in 
main memory of the top left corner of the image based on the base address 
parameter . 

99. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one color image mode command including: 

a command identifier field including a six-bit binary value within the set of 1 1 1 11 1 
and 111101; 

an image data format parameter; 
a color element size parameter; 
an image width parameter; and 
a base address parameter. 

100. A storage medium as in claim 96 further including means for storing an image data 
format parameter selecting between the following: 

(a) rgba, 

(b) yuv, 

(c) color index, 

(d) intensity alpha, and 

(e) alpha. 
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101 . The storag medium as in claim 96 further including means for storing a color 
element size parameter selecting between the following: 

(a) 4 bit wide color element value, 

(b) 8 bit wide color element value, 

(c) 16 bit wide color element value, and 

(d) 32 bit wide color element value. 

102. The storage medium as in claim 96 further including means for storing an image 
width parameter value specifying the width in pixels of an image stored in memory. 

103. The storage medium as in claim 96 further including means for storing the base 
address parameter specifying the base address in main memory of the top left 
corner of the image. 

1 04. A process for generating at least one mask image mode command for processing 
by a 3D graphics system, the process including the step of generating at least one 
set mask image command including: 

a command identifier field including a six-bit binary value of 1 1 1 1 10, and 
a base address specifying the memory address of a top left comer of at least one 
depth image. 

1 05. A system for providing at least one mask image mode command for processing by 
a 3D graphics system, the system including: 

at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for providing at least one set 
mask image command including: 

a command identifier field including a six-bit binary value of 1 1 1 1 1 0, and 
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a base address specifying the memory address of a top left corner of at least one 
depth image. 

1 06. In a 3D graphics system . a process for interpreting at least one mask image mode 
command including: 

interpreting a command identifier field including a six-bit binary value of 1 1 1 1 10, 

and 

interpreting a base address specifying the memory address of a top left comer of 
at least one depth image. 

107. In a 3D graphics system, a decoder for interpreting at least one mask image mode 
command including a six-bit binary value of 1 1 1 1 1 0, the system including: 
means for interpreting a command identifier field including a six-bit binary value of 

111110, and 

means for interpreting a base address specifying the memory address of a top left 
comer of at least one depth image. 

1 08. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one mask image mode command including: 

a command identifier field including a six-bit binary value of 1 1 1 1 10, and 
a base address specifying the memory address of a top left comer of at least one 
depth image. 

1 09. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one triangle 
drawing command having a command identifier field including a six-bit binary value 
within the range of 001 000 to 001 1 1 1 followed by at least x and y position values, 
the triangle drawing command format specifying at least one triangle at the x and y 
positions corresponding to the x and y position values. 
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110. A system for generating at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for providing at least one 
triangle drawing command having a command Identifier field including a six-bit binary 
value within the range of 001 000 to 001 1 1 1 followed by at least x and y position values, 
the triangle drawing command format specifying at least one triangle at the x and y 
positions corresponding to the x and y position values. 

111. In a 3D graphics system, a process for executing at least one display command for 
processing including the steps of: 

(a) interpreting at least one triangle drawing command having a command 
identifier field including a six-bit binary value within the range of 001 000 to 001 1 1 1 
followed by at least x and y position values, and 

(b) rendering at least one primitive at the x and y positions corresponding to the x 
and y position values. 

112. A 3D graphics system for executing at least one display command including a six- 
bit binary value within the range of 001 000 to 001 1 1 1 followed by at least x and y 
position values, the system including: 

a decoder that interprets at least one triangle drawing command having a 
command identifier field including a six-bit binary value within the range of 001000 to 
001 1 1 1 followed by at least x and y position values, and 

a display processor that renders at least one primitive at the x and y positions 
corresponding to the x and y position values. 

113. A storage medium for use with a 3D graphics system, the storage medium storing 
at least one display command having a command identifier field including a six-bit 
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binary value within the range of 001 000 to 001 1 1 1 followed by at least x and y 
position values, the triangle drawing command format specifying at least one 
triangle at the x and y positions corresponding to the x and y position values. 

114. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one triangle 
drawing command including: 

a command identifier field having a six-bit binary value of at least one of 001 1 1 1 

and 001011, 

a set of edge coefficients, 

a set of texture coefficients, and 

a set of z buffer coefficients, 
the triangle drawing command format specifying at least one triangle to be drawn in 
accordance with the set of edge coefficients, filled with a texture based at least in part on 
the set of texture coefficients, and z buffered based at least in part on the set of z buffer 
coefficients. 

115. A system for providing at least one display command for processing by a 3D 
graphics system, the system including 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for providing at least one 
triangle drawing command including: 

a command identifier field having a six-bit binary value of at least one of 001 1 1 1 
and 001011, 

a set of edge coefficients, 

a set of texture coefficients, and 

a set of z buffer coefficients, 
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the triangle drawing command format specifying at least one triangle to be drawn In 
accordance with the set of edge coefficients, filled with a texture based at least in part on 
the set of texture coefficients, and z buffered based at least in part on the set of z buffer 
coefficients. 

116. In a 3D graphics system, a process for executing at least one triangle drawing 
command including: 

(a) interpreting a command identifier field having a six-bit binary value of at least 
one of 001 1 1 1 and 00101 1 , 

(b) interpreting a set of edge coefficients, 

(c) interpreting a set of texture coefficients, 

(c) interpreting a set of z buffer coefficients, and 

(e) rendering at least one triangle in accordance with the set of edge coefficients, 
filled with a texture based at least in part on the set of texture coefficients, and z buffered 
based at least in part on the set of z buffer coefficients. 

117. A 3D graphics system for executing at least one triangle drawing command having 
a command identifier field having a six-bit binary value of at least one of 001 1 1 1 
and 00101 1 , the system including: 

(a) means for interpreting a command identifier field having a six-bit binary value 
of at least one of 001 1 1 1 and 00101 1 , 

(b) means for interpreting a set of edge coefficients, 

(c) means for interpreting a set of texture coefficients, 

(c) means for interpreting a set of z buffer coefficients, and 
means coupled to the above-mentioned means for rendering at least one triangle 
in accordance with the set of edge coefficients, filled with a texture based at least in part 
on the set of texture coefficients, and z buffered based at least in part on the set of z 
buffer coefficients. 
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118. A storage medium for use with a 3D graphics system, the storag medium for 
storing at least one triangle drawing command including: 

a command identifier field having a six-bit binary value of at least one of 001 1 1 1 
and 001011, 

a set of edge coefficients, 

a set of texture coefficients, and 

a set of z buffer coefficients, 
the triangle drawing command format specifying at least one triangle to be drawn in 
accordance with the set of edge coefficients, filled with a texture based at least in part on 
the set of texture coefficients, and z buffered based at least in part on the set of z buffer 
coefficients. 

119. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one triangle 
drawing command including: 

a command identifier field having a six-bit binary value selected from the set of 
001010 and 001110, 

a set of edge coefficients, and 

a set of texture coefficients, 
the triangle drawing command format specifying at least one triangle to be drawn in 
accordance with the set of edge coefficients, and filled with a texture based at least in 
part on the set of texture coefficients. 

1 20. A system for generating at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for generating at least one 
triangle drawing command including: 
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a command identifier Held having a six-bit binary value selected from the set of 

001010 and 001110, 

a set of edge coefficients, and 
a set of texture coefficients, 

the triangle drawing command format specifying at least one triangle to be drawn in 

accordance with the set of edge coefficients, and filled with a texture based at least in 

part on the set of texture coefficients. 

121. In a 3D graphics system, a process for executing at least one triangle drawing 
command including: 

(a) interpreting a command identifier field having a six-bit binary value selected 
from the set of 001 01 0 and 001 1 1 0, 

(b) interpreting a set of edge coefficients, 

(c) interpreting a set of texture coefficients, and 

(d) drawing at least one triangle in accordance with the set of edge coefficients, 
and filled with a texture based at least in part on the set of texture coefficients. 

122. A 3D graphics system for executing at least one triangle drawing command having 
a command identifier field having a six-bit binary value selected from the set of 
001 01 0 and 001 1 1 0, the system including: 

a command identifier field decoder that interprets a command identifier field having 

a six-bit binary value selected from the set of 00101 0 and 001 1 1 0, 
a rasterizer that interprets a set of edge coefficients, 
a texture coordinate unit that interprets a set of texture coefficients, and 
a display processor that draws at least one triangle in accordance with the set of 

edge coefficients, and filled with a texture based at least in part on the set of texture 

coefficients. 
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123. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one triangle drawing command including: 

a command identifier field having a six-bit binary value selected from the set of 
001010 and 001110, 

a set of edge coefficients, and 

a set of texture coefficients, 
the triangle drawing command format specifying at least one triangle to be drawn in 
accordance with the set of edge coefficients, and filled with a texture based at least in 
part on the set of texture coefficients. 

1 24. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one triangle 
drawing command including: 

a command identifier field having a six-bit binary value of a value selected from the 
set of 001001, 

a set of edge coefficients, and 

a set of z buffer coefficients, 
the triangle drawing command format specifying at least one non-shaded triangle to be 
drawn in accordance with the set of edge coefficients and z buffered based at least in part 
on the set of z buffer coefficients. 

125. A system for providing at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for providing at least one 
triangle drawing command including: 

a command identifier field having a six-bit binary value of a value selected from the 
set of 001001, 
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a set of edge coefficients, and 

a set of z buffer coefficients, 
the triangle drawing command format specifying at least one non-shaded triangle to be 
drawn in accordance with the set of edge coefficients and z buffered based at least in part 
on the set of z buffer coefficients. 

1 26. In a 3D graphics system, a process for executing at least one triangle drawing 
command including: 

(a) interpreting a command identifier field having a six-bit binary value of a value 
selected 1rom the set of 001001 , 

(b) interpreting a set of edge coefficients, 

(c) interpreting a set of z buffer coefficients, and 

(d) drawing at least one non-shaded triangle in accordance with the set of edge 
coefficients and z buffered based at least in part on the set of z buffer coefficients. 

1 27. A 3D graphics system for executing at least one triangle drawing command having 
a command identifier field having a six-bit binary value of a value selected from the 
Set of 001 001 , the system including: 

a decoder that interprets a command identifier field having a six-bit binary value of 

a value selected from the set of 001 001 , 

an edge walker that interprets a set of edge coefficients, 

a z buffer controller that interprets a set of z buffer coefficients, and 

a display processor that draws at least one non-shaded triangle in accordance with 

the set of edge coefficients and z buffered based at least in part on the set of z buffer 

coefficients. 

128. A storage medium for use with a 3D graphics system, the storage medium storing 
at least one triangle drawing command including: 
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a command identifier field having a six-bit binary value of a value selected from the 

set of 001001, 

a set of edge coefficients, and 
a set of z buffer coefficients, 

the triangle drawing command format specifying at least one non-shaded triangle to be 

drawn in accordance with the set of edge coefficients and z buffered based at least in part 

on the set of z buffer coefficients. 

1 29. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one textured 
rectangle drawing command including: 

a command identifier field having a six-bit binary value within the range of 100100 
and 100101, 

at least two x coordinate values, 

at least two y coordinate values, 

a set of texture coefficients, and 

a tile descriptor index value, 
the textured rectangle drawing command format specifying at least one rectangle to be 
drawn in accordance with the x and y coordinate values, and filled with a texture based at 
least in part on the set of texture coefficients and the tile descriptor index value. 

1 30. A system tor providing at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for providing at least one 
textured rectangle drawing command including: 

a command identifier field having a six-bit binary value within the range of 1 001 00 
and 100101, 
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at least two x coordinate values, 

at least two y coordinate values, 

a set of texture coefficients, and 

a tile descriptor index value, 
the textured rectangle drawing command format specifying at least one rectangle to be 
drawn in accordance with the x and y coordinate values, and filled with a texture based at 
least in part on the set of texture coefficients and the tile descriptor index value. 

131. In a 3D graphics system, a process for executing at least one textured rectangle 
drawing command including: 

(a) interpreting a command identifier field having a six-bit binary value within the 
range of 1 001 00 and 1001 01 , 

(b) interpreting at least two x coordinate values, 

(c) interpreting at least two y coordinate values, 

(d) interpreting a set of texture coefficients, 

(e) interpreting a tile descriptor index value, and 

(f) rendering at least one rectangle in accordance with the x and y coordinate 
values, and filled with a texture based at least in part on the set of texture coefficients and 
the tile descriptor Index value. 

1 32. A 3D graphics system for executing at least one textured rectangle drawing 
command having a command identifier field having a six-bit binary value within the 
range of 100100 and 100101 , the system including: 

a decoder that interprets a command identifier field having a six-bit binary value 
within the range of 1001 00 and 100101 , 

a processor that interprets at least two x coordinate values and at least two y 
coordinate values, 

a texture coordinate unit that interprets a set of texture coefficients, and a tile 
descriptor index value, and 
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a display processor that renders at least one rectangle in accordance with the x 
and y coordinate values, and filled with a texture based at least in part on the set of 
texture coefficients and the tile descriptor index value. 

1 33. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one textured rectangle drawing command including: 

a command identifier field having a six-bit binary value within the range of 100100 
and 100101, 

at least two x coordinate values, 

at least two y coordinate values, 

a set of texture coefficients, and 

a tile descriptor index value, 
the textured rectangle drawing command format specifying at least one rectangle to be 
drawn in accordance with the x and y coordinate values, and filled with a texture based at 
least in part on the set of texture coefficients and the tile descriptor index value. 

1 34. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the steps of: 

(a) generating at least one set primitive color command including: 

a command identifier field having a six-bit binary value of 1 1 101 0, and 
a set of color coordinates; and 

(b) generating at least one filled rectangle drawing command including: 
a command identifier field having a six-bit binary value of 1 1 01 1 0, 

at least two x coordinate values, and 

at least two y coordinate values, 
the filled rectangle drawing command format specifying at least one rectangle to be drawn 
in accordance with the x and y coordinate values, and filled with a color based at least in 
part on the color coordinates. 
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1 35. A system for generating at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for generating: 

(a) at least one set primitive color command including: 

a command identifier field having a six-bit binary value of 1 1 1 010, and 
a set of color coordinates; and 

(b) at least one filled rectangle drawing command including: 

a command identifier field having a six-bit binary value of 1 101 10, 

at least two x coordinate values, and 

at least two y coordinate values, 
the filled rectangle drawing command format specifying at least one rectangle to be drawn 
in accordance with the x and y coordinate values, and filled with a color based at least in 
part on the color coordinates. 

1 36. In a 3D graphics system, a process for executing at least one display command for 
processing by a 3D graphics system, the process including the steps of: 

(a) interpreting at least one set primitive color command including: 

a command identifier field having a six-bit binary value of 1 1 1010, and 
a set of color coordinates.; 

(b) interpreting at least one filled rectangle drawing command including: 

a command identifier field having a six-bit binary value of 1 1 01 10, 
at least two x coordinate values, and 
at least two y coordinate values; and 

(c) drawing at least one rectangle in accordance with the x and y coordinate 
values, and filled with a color based at least in part on the color coordinates. 
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1 37. In a 3D graphics system, an apparatus for executing at least one display command 
having a command identifier field having a six-bit binary value of 1 1 1010, the 
apparatus including the following structures: 

means for interpreting at least one set primitive color command including: 

a command identifier field having a six-bit binary value of 1 11 010, and 

a set of color coordinates.; 
means for interpreting at least one filled rectangle drawing command including: 

a command identifier field having a six-bit binary value of 1 101 10, 

at least two x coordinate values, and 

at least two y coordinate values; and 
means for drawing at least one rectangle in accordance with the x and y coordinate 
values, and filled with a color based at least in part on the color coordinates. 

1 38. A storage medium for use with a 3D graphics system, the storage medium for 
storing: 

(a) at least one set primitive color command including: 

a command Identifier field having a six-bit binary value of 1 1 1010, and 
a set of color coordinates; and 

(b) at least one filled rectangle drawing command including: 

a command identifier field having a six-bit binary value of 1 101 10, 

at least two x coordinate values, and 

at least two y coordinate values, 
the filled rectangle drawing command format specifying at least one rectangle to be drawn 
in accordance with the x and y coordinate values, and filled with a color based at least in 
part on the color coordinates. 

1 39. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one texture 
defining command including: 



mmm^= 000568 



C172) 



3 2 5 7 5 9 
(59) 



a command Id ntitier field having a six-bit binary value of a value of 1 101 01 , 

an image data format parameter, 

a color element size parameter, 

a tile line size parameter, 

a starting texture memory address, 

a tile descriptor index, 

a palette number, 

at least one texture coordinate clamp enable parameter, 
at least one texture coordinate mirror enable parameter, 
at least one texture coordinate wrapping/mirroring mask, and 
at least one texture coordinate level of detail shift parameter. 

140. A system for providing at least one display command for processing by a 3D 
graphics system, the system including: 
at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for 
providing at least one texture defining command Including: 

a command identifier field having a six-bit binary value of a value of 1 1 01 01 , 

an image data format parameter, 

a color element size parameter, 

a tile line size parameter, 

a starting texture memory address, 

a tile descriptor index, 

a palette number, 

at least one texture coordinate clamp enable parameter, 
at least one texture coordinate mirror enable parameter, 
at least one texture coordinate wrapping/mirroring mask, and 
at least one texture coordinate level of detail shift parameter. 
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141 . In a 3D graphics system, a process for processing at least one t xture defining 
command including: 

(a) interpreting a command identifier field having a six-bit binary value of a value 
of 110101, 

(b) interpreting an image data format parameter, 

(c) interpreting a color element size parameter, 

(d) interpreting a tile line size parameter, 

(e) interpreting a starting texture memory address, 

(f) interpreting a tile descriptor index, 

(g) interpreting a palette number, 

(h) interpreting at least one texture coordinate clamp enable parameter, 

(i) interpreting at least one texture coordinate mirror enable parameter, 
(j) interpreting at least one texture coordinate wrapping/mirroring mask, 

(k) interpreting at least one texture coordinate level of detail shift parameter, and 
(I) generating at least one image based at least in part on the above-mentioned 

steps. 

142. A 3D graphics apparatus for processing at least one texture defining command 
having a command identifier field having a six-bit binary value of a value of 

1 1 0101 , the apparatus including: 

means for interpreting a command identifier field having a six-bit binary value of a 
value of 110101, 

a circuit that interprets an image data format parameter, a color element size 
parameter, a tile line size parameter, a starting texture memory address, a tile descriptor 
index, a palette number, at least one texture coordinate clamp enable parameter, at leas 
one texture coordinate mirror enable parameter, at least one texture coordinate 
wrapping/mirroring mask, and at least one texture coordinate level of detail shift 
parameter, and 
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a display processor that g nerates at least one Image based at least in part on the 
above-mentioned structures. 

143. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one texture defining command including: 

a command identifier field having a six-bit binary value of a value of 1 101 01 , 

an image data format parameter, 

a color element size parameter, 

a tile line size parameter, 

a starting texture memory address, 

a tile descriptor index, 

a palette number, 

at least one texture coordinate clamp enable parameter, 
at least one texture coordinate mirror enable parameter, 
at least one texture coordinate wrapping/mirroring mask, and 
at least one texture coordinate level of detail shift parameter. 

144. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one texture 
tile command Including: 

a command identifier field having a six-bit binary value of a value within the set of 
110100 and 110010, 

low and high tile S coordinates, 
low and high tile T coordinates, and 
a tile descriptor index. 

145. A system for providing at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
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at least one memory, and 

circuitry coupled to the processor and to the memory for 
providing at least one texture tile command including: 

a command identifier field having a six-bit binary value of a value within the set of 
110100 and 110010, 

low and high tile S coordinates, 

low and high tile T coordinates, and 

a tile descriptor index. 

1 46. In a 3D graphics system, a process for executing at least one texture tile command 
including: 

(a) interpreting a command identifier field having a six-bit binary value of a value 
within the set of 1 1 01 00 and 1 1 001 0 f 

(b) interpreting low and high tile S coordinates, 

(c) interpreting low and high tile T coordinates, 

(d) interpreting a tile descriptor index, and 

(e) generating a display based at least in part on steps (a)-(d). 

147. A 3D graphics system for executing at least one texture tile command having a 
command identifier field having a six-bit binary value of a value within the set of 
1 1 01 00 and 1 1 001 0, the system including: 

a decoder that interprets a command identifier field having a six-bit binary value of 
a value within the set of 1 1 01 00 and 110010, 

a texture unit that Interprets low and high tile S coordinates, low and high tile T 
coordinates, a tile descriptor index; and 

a display processor circuit that generates a display based at least in part on the 
coordinates identifier and command identifier. 
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148. A storag medium for use with a 3D graphics system, the storage medium for 
storing at least one texture tile command including: 

a command identifier field having a six-bit binary value of a value within the set of 
110100 and 110010, 

low and high tile S coordinates, 
low and high tile T coordinates, and 
a tile descriptor index. 



1 49. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one texture 
memory block loading command including: 
a command identifier field having a six-bit binary value of 1 1 001 1 , 
low and high tile S coordinate parameters, 
a low tile T coordinate parameter, 
a T increment value, and 
a tile descriptor index. 



1 50. A system for generating at least one display command for processing by a 3D 
graphics system, the system including: 
at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for 
generating at least one texture memory block loading command including: 
a command identifier field having a six-bit binary value of 1 1001 1 , 
low and high tile S coordinate parameters, 
a low tile T coordinate parameter, 
a T increment value, and 
a tile descriptor index. 
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151. In a 3D graphics system, a process for executing at least one texture memory 
block loading command including: 

(a) interpreting a command identifier field having a six-bit binary value of 1 1 001 1 , 

(b) Interpreting low and high tile S coordinate parameters, 

(c) interpreting a low tile T coordinate parameter, 

(d) interpreting a T increment value, 

(e) interpreting a tile descriptor index, and 

(f) displaying at least one textured primitive based at least in part on steps (a)-(e). 

152. A 3D graphics system for executing at least one texture memory block loading 
command having a command identifier field having a six-bit binary value of 

11 001 1 , the system including: 

means for interpreting a command identifier field having a six-bit binary value of 
110011, 

means for interpreting low and high tile S coordinate parameters, 
means for interpreting a low tile T coordinate parameter, 
means for interpreting a T increment value, 
means for interpreting a tile descriptor index, and 

a display circuit for displaying at least one textured primitive based at least in part 
on the S and T coordinate parameters, the T increment value, and the tile descriptor 
index, 

1 53. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one texture memory block loading command including: 

a command identifier field having a six-bit binary value of 1 1 001 1 , 
low and high tile S coordinate parameters, 
a low tile T coordinate parameter, 
a T increment value, and 
a tile descriptor index. 
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1 54. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one load 
texture look up table command including: 

a command identifier field having a six-bit binary value of 1 1 0000, 
low and high indices into the table, and 
a tile descriptor index. 

1 55. A system for providing at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

circuitry coupled to the processor and to the memory for 
providing at least one load texture look up table command including: 

a command identifier field having a six-bit binary value of 1 1 0000, 
low and high indices into the table, and 
a tile descriptor index. 

156. In a 3D graphics system, a process for executing at least one load texture look up 
table command including: 

(a) interpreting a command identifier field having a six-bit binary value of 1 1 0000, 

(b) interpreting low and high indices into the table, 

(c) a tile descriptor index, and 

(d) loading a texture look up table into a memory based at least in part on steps 
(a)-(c). 

157. A 3D graphics system for executing at least one load texture look up table 
command having a command identifier field having a six-bit binary value of 
1 10000, the system including: 
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a texture memory means for interpr ting a command identifier field having a six-bit 
binary value of 110000, 

means for interpreting low and high indices into the table, 
means for interpreting a tile descriptor index, and 

means for loading a texture look up table into the texture memory based at least in 
part on the command identifier field and the indices. 

158. A storage medium for use with a 3D graphics system, the storage medium for 
storing at least one load texture look up table command including; 

a command identifier field having a six-bit binary value of 1 1 0000, 
low and high indices into the table, and 
a tile descriptor index. 

159. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one set color 
command including: 

a command identifier field having a six-bit binary value within the range of 1 1 01 11 
to111011, 

a red component parameter, 
a green component parameter, 
a blue component parameter, and 
an alpha component parameter. 

160. A process as in claim 156 further including the step of generating an additional 
level of detail fraction field and an associated minimum clamp parameter. 

1 61 . A system for generating at least one display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
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at least one memory, and 

circuitry coupled to the processor and to the memory for 
generating at least one set color command including: 

a command Identifier field having a six-bit binary value within the range of 1 1 01 1 1 
to 11 1 01 1 , 

a red component parameter, 

a green component parameter, 

a blue component parameter, and 

an alpha component parameter. 

162. A system as in claim 158 further including circuitry for providing an additional level 
of detail fraction field and an associated minimum clamp parameter. 

163. In a 3D graphics system, a process for interpreting at least one set color command 
including: 

(a) interpreting a command identifier field having a six-bit binary value within the 
range of 110111 to 111011, 

(b) interpreting a red component parameter, 

(c) interpreting a green component parameter, 

(d) interpreting a blue component parameter, 

(e) interpreting an alpha component parameter, and 

(f) generating an image based at least in part on steps (a)-(e). 

164. A process as in claim 160 further including the step of interpreting an additional 
level of detail fraction field and an associated minimum clamp parameter. 

165. A 3D graphics system for interpreting at least one set color command having a 
command identifier field having a six-bit binary value within the range of 11 01 11 to 
1 1 1 01 1 , the system including: 
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means for interpreting a command id ntifier fi Id having a six-bit binary value 

within the range of 1101 1 1 to 1 1 1 01 1 , 

means for interpreting a red component parameter, 

means for interpreting a green component parameter, 

means for interpreting a blue component parameter, 

means for interpreting an alpha component parameter, and 

a display circuit that generates an image based at least in part on the parameters. 

1 66. An apparatus as in claim 1 62 further including means for interpreting an additional 
level of detail fraction field and an associated minimum clamp parameter. 

167. A storage medium for use with a 3D graphics system, the storage medium storing 
at least one set color command including: 

a command identifier field having a six-bit binary value within the range of 1 1 01 1 1 

to 111011, 

a red component parameter, 
a green component parameter, 
a blue component parameter, and 
an alpha component parameter. 

1 68. A storage medium as in claim 164 further including means for storing an additional 
level of detail fraction field and an associated minimum clamp parameter. 

1 69. A process for generating at least one display command for processing by a 3D 
graphics system, the process including the step of generating at least one set 
primitive depth command including: 

a command identifier field having a six-bit binary value of 1 01 1 1 0, 
a primitive depth parameter, and 
a primitive delta depth parameter. 
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1 70. A system for providing at least on display command for processing by a 3D 
graphics system, the system including: 

at least one processor, 
at least one memory, and 

means coupled to the processor and to the memory for 
providing at least one set primitive depth command including: 

a command identifier field having a six-bit binary value of 1 01 1 1 0, 
a primitive depth parameter, and 
a primitive delta depth parameter. 

171. In a 3D graphics system, a process for processing at least one set primitive depth 
command including: 

(a) interpreting a command identifier field having a six-bit binary value of 1 01 1 1 0, 

(b) interpreting a primitive depth parameter, 

(c) interpreting a primitive delta depth parameter, and 

(d) generating at least one image based at least in part on steps (a)-(c). 

172. A 3D graphics system for processing at least one set primitive depth command 
having a command identifier field having a six-bit binary value of 101 1 10, the 
system including: 

means for interpreting a command identifier field having a six-bit binary value of 
101110, 

means for interpreting a primitive depth parameter, 
means for interpreting a primitive delta depth parameter, and 
a display circuit that generates at least one image based at least in part on the 
parameters. 
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a command identifier field having a six-bit binary value of 1 01 1 10, 
a primitive depth parameter, and 
a primitive delta depth parameter. 

3. Detailed Description of Invention 

[FIELD OF THE INVENTION] 

The present invention relates to low cost video game systems. More particularly, 
the invention relates to a video game system that can model a world in three dimentions 
and project the model onto a two dimentional viewing plane selected based on a 
changeable viewpoint. 

[BACKGROUND AND SUMMARY OF THE INVENTION] 

People's imagination are fueled by visual images. What we actually se at sunset, 
what we dream at night, the pictures we paint in our mind when we read a novei-all of 
these memorable scenes are composed of visual images. Troughout histry, people have 
tried to record these images with pencil or paints or video tape. But only with the avent of 
the computer can we begin to create with the same vividness, detail and realism that 
display in the real world or in the imagination. 

Computer-based home video game machines such as the Nintendo Entertainment 
System and the Super Nintendo Entertainment System have been highly successful 
because they can interactively produce exciting video graphics. However, without 
additional add-on hardware, these prior video graphics systems generally operated in two 
dimensions, creating graphics displays from flat (planar) image representations in a 
manner somewhat analogous to tacking flat paper cutouts onto a bulletin board. 
Although very exciting game play can be created using two dimensional graphics 
techniques, a 2D system cannot provide the realism offered by three-dimensional 
graphics system. 
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3D graphics are fundamentally different from 2D graphics. In 3D graphics 
techniques, a "world" is represented in three dimensional space. The system can allow 
the user to select a viewpoint within the world. The system creates an image by 
"projecting- the world based on the selected viewpoint. The result is a true three- 
dimensional image having depth and realism. 

For many years, specialists have used super computers and high end workstations 
to create incredible realistic 3D images - for example, ultra-detailed models of cars, 
planes and molecules; virtual reality as seen from the cockpit of a jet fighter or the front 
seat of an Olympic bobsled; and dinosaurs of -Jurassic Park." However, in the past, 
computer systems required to produce such images interactively cost tens of thousands 
of dollars -- well beyond the reach of the average consumer. 

The low cost high performance 3D graphics system disclosed herein is intended to 
for the first time give millions of game players, not just the specialists, the chance to 
interact right inside these magnificent virtual 3D worlds with a richly featured high 
performance low cost system. What players get is truly amazing - many times the power 
of any home computer system, far more realistic 3-dimenslonal animation, stunning 
graphics - all delivered at a sufficiently low cost to be within the reach of the average 
consumer. 

The following are a few examples of the many advantageous features provided by 
a system in accordance with the present invention: 

Realistic interactive 3D graphics in a low price system 

Optimum feature set/architecture for a low cost system for use with a color 
television set to provide video game play and other graphics applications in a low 
cost system and/or to produce particular screen effects 



Coprocessor that provides high performance 3D graphics and digital sound 
processing 



^gS-E§-=0 0 0 5 6 8 



(185) 



^¥9-3 25 75 9 
(72) 



Signal processor sharing between graphics digital processing and audio signal 
processing to achieve high quality stereo sound and 3-D graphics in a low cost 
color television based system 

Unified RAM approach increases flexibility 

All major system components can communicate through the shared RAM 

Techniques/structures for compensating for narrow main memory bus width 

Executable code from a storage device (e.g., a portable memory cartridge) can be 
loaded into the common RAM and accessed by the main processor through 
coprocessor memory access/arbitration circuitry 

Graphics coprocessor loadable microcode store receives microcode from a 
portable storage medium to provide additional flexibility and simplify compatibility 
issues 

Microcode is loaded via execution of "boot ROM" instructions 

Optimal commands and associated formats are used to invoke graphics and audio 
functions within the coprocessor and provide an interface between the graphics 
coprocessor and the rest of the system 

Coprocessor register set including particular hardware register definitions, formats 
and associated functions 
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• Microcode graphics and audio structure/processes provide efficient high 
performance operation 

• Vector unit provides optimal performance for graphics and audio digital processing 
in a low cost package 

Pipelined rasterizing engine provides a one-pixel-per-cycle and two-pixel-per-cycle 
modes to minimize hardware cost while providing a rich feature set 

Low coprocessor pin out 

[DETAILED DESCRIPTION OF A PRESENTLY PREFERRED EXAMPLE 
EMBODIMENT! 

Figure 1 shows an example embodiment video game system 50 in accordance 
with the present invention(s). Video game system 50 in this example includes a main unit 
52, a video game storage device 54, and handhold controllers 56 (or other user input 
devices). In this example, main unit 52 connects to a conventional home color television 
set 58. Television set 58 displays 3D video game images on its television screen 60 and 
reproduces stereo sound through its loud speakers 62. 

In this example, the video game storage device 54 is in the form of a replaceable 
memory cartridge insertable into a slot 64 on a top surface 66 of main unit 52. Video 
game storage device 54 can comprise, for example, a plastic housing 68 encasing a read 
only memory (ROM) chip 76. The read only memory 76 contains video game software in 
this example. When the video game storage device 54 is inserted into main unit slot 64, 
cartridge electrical contacts 74 mate with corresponding "edge connector" electrical 
contacts within the main unit. This action electrically connects the storage device's read 
only memory 76 to the electronics within main unit 52. 
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"Read only memory" chip 76 stores software instructions and other information 
pertaining to a particular video game. The read only memory chip 76 in one storage 
device 54 may, for example, contain instructions and other information for an adventure 
game. The read only memory chip 76 in another storage device 54 may contain 
instructions and information to play a driving or car race game. The read only memory 
chip 76 of still another storage device 54 may contain instructions and information for 
playing an educational game. To play one game as opposed to another, the user of 
video game system 50 simply plugs the appropriate storage device 54 into main unit slot 
64— thereby connecting the storage device's read only memory chip 76 (and any other 
circuitry the storage device may contain) to the main unit 52. This enables the main unit 
52 to access the information contained within read only memory 76, which information 
controls the main unit to play the appropriate video game by displaying images and 
reproducing sound on color television set 58 as specified under control of the video game 
software in the read only memory. 

To play a video game using video game system 50, the user first connects main 
unit 52 to his or her color television set 58 by hooking a cable 78 between the two. Main 
unit 52 produces both "video" signals and "audio" signals for controlling color television 
set 58. The 'Video" signals are what controls the images displayed on the television 
screen 60, and the "audio" signals are played back as sound through television 
loudspeakers 62. Depending on the type of color television set 58, it may be necessary 
to use an additional unit called an "RF modulator" in line between main unit 52 and color 
television set 58. An tf RF modulator" (not shown) converts the video and audio outputs of 
main unit 52 into a broadcast type television signal that can be received and processed 
using the television set's internal "tuner." 

The user also needs to connect main unit 52 to a power source. This power 
source may comprise a conventional AC adapter (not shown) that plugs into a standard 
home electrical wall socket and converts the house current into a lower DC voltage signal 
suitable for powering main unit 52. 
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The user may then connect hand controllers 56a, 56b to corresponding connectors 
80 on main unit front panel 82. Controllers 56 may take a variety of forms. In this 
example, the controllers 56 shown each include various push buttons 84 and a directional 
switch or other control 86. The directional switch 88 can be used, for example, to specify 
the direction (up, down, left or right) that a character displayed on television screen 60 
should move and/or to specify a point of view in a 3D world. Other possibilities include, 
for example, joysticks, mice pointer controls and other conventional user input devices. In 
this example, up to four controllers 56 can be connected to main unit 52 to allow 4-player 
games. 

The user then selects a storage device 54 containing the video game he or she 
wants to play, and inserts that storage device into main unit slot 64 (thereby electrically 
connecting read only memory 76 to the main unit electronics via a printed circuit board 70 
and associated edge contacts 74). The user may then operate a power switch 88 to turn 
on the video game system 50. This causes main unit 52 to begin playing the video game 
based on the software stored in read only memory 54. He or she may operate controllers 
86 to provide inputs to main unit 52 and thus affect the video game play. For example, 
depressing one of push buttons 84 may cause the game to start. As mentioned before, 
moving directional switches 86 can cause animated characters to move on the television 
screen 60 in different directions or can change the user's point of view in a 3D world. 
Depending upon the particular video game stored within the storage device 54, these 
various controls 84, 86 on the controller 56 can perform different functions at different 
times. If the user wants to restart game play, he or she can press a reset button 90. 

[EXAMPLE 3D SCREEN EFFECTS] 

System 50 is capable of processing, interactively in real time, a digital 
representation or model of a three-dimensional world to display the world (or portions of 
it) from any arbitrary viewpoint within the world. For example, system 50 can Interactively 
change the viewpoint in response to real time inputs from game controllers 86. This can 
permit, for example, the game player to see the world through the eyes of a "virtual 
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person" who moves through the world, and looks and goes wherever the game player 
commands him or her to go. This capability of displaying quality 3D images interactively 
In real time can create very realistic and exciting game play. 

Figures 2(a)-3{f) show just one example of some three-dimensional screen effects 
that system 50 can generate on the screen of color television set 58. Figures 2(a)-3(f) are 
in black and white because patents cannot print in color, but system 50 can display these 
different screens In brilliant color on the color television set. Moreover, system 50 can 
create these images very rapidly (e.g., seconds or tenths of seconds) in real time 
response to operation of game controllers 86. 

Each of Figures 2(a)-3(f) was generated using a three-dimensional model of a 
"world" that represents a castle on a hilltop. This model is made up of geometric shapes 
(i.e., polygons) and "textures" (digitally stored pictures) that are "mapped" onto the 
surfaces defined by the geometric shapes. System 50 sizes, rotates and moves these 
geometric shapes appropriately, "projects" them, and puts them all together to provide a 
realistic image of the three-dimensional world from any arbitrary viewpoint. System 50 
can do this interactively in real time response to a person's operation of game controllers 
86. 

Figures 2(a)-2C and 3(f) show aerial views of the castle from four different 
viewpoints. Notice that each of the views is in perspective. System 50 can generate 
these views (and views in between) interactively in a matter of seconds with little or no 
discernible delay so it appears as if the video game player is actually flying over the 
castle. 

Figures 3(d) and 3(e) show views from the ground looking up at or near the castle 
main gate. System 50 can generate these views interactively in real time response to 
game controller inputs commanding the viewpoint to "land" in front of the castle, and 
commanding the Virtual viewer" (i.e., the imaginary person moving through the 3-D world 
through whose eyes the scenes are displayed) to face in different directions. Figure 3(d) 
shows an example of "texture mapping" in which a texture (picture) of a brick wall is 
mapped onto the castle walls to create a very realistic image. 
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[Overall Video Game System Electronics] 

Figure 4 shows that the principal electronics within main unit 52 includes a main 
processor 100, a coprocessor 200, and main memory 300. Main processor 100 is a 
computer that runs the video game program provided by storage device 54 based on 
inputs provided by controllers 56. Coprocessor 200 generates images and sound based 
on instructions and commands it gets from main processor 1 00. Main memory 300 is a 
fast memory that stores the information main processor 100 and coprocessor 200 need to 
work, and is shared between the main processor and the coprocessor. In this example, 
all accesses to main memory 300 are through coprocessor 200. 

In this example, the main processor 100 accesses the video game program 
through coprocessor 200 over a communication path 102 between the main processor 
and the coprocessor 200. Main processor 1 00 can read from storage device 54 via 
another communication path 104 between the coprocessor and the video game storage 
device. The main processor 1 00 can copy the video game program from the video game 
storage device 54 into main memory 300 over path 106, and can then access the video 
game program in main memory 300 via coprocessor 200 and paths 102, 106. 

Main processor 1 00 generates, from time to time, lists of commands that tell the 
coprocessor 200 what to do. Coprocessor 200 in this example comprises a special 
purpose high performance application-specific integrated circuit (ASIC) having an internal 
design that is optimized for rapidly processing 3-D graphics and digital audio. In 
response to commands provided by main processor 100 over path 102, coprocessor 200 
generates video and audio for application to color television set 58. The coprocessor 200 
uses graphics, audio and other data stored within main memory 300 and/or video game 
storage device 54 to generate images and sound. 

Figure 4 shows that coprocessor 200 in this example includes a signal processor 
400 and a display processor 500. Signal processor 400 is an embedded programmable 
microcontroller that performs graphics geometry processing and audio digital signal 
processing under control of a "microcode" computer program supplied by video game 
storage device 54. Display processor 500 is a high speed state machine that renders 
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graphics primitives, thereby creating images for display on television 58. The signal 
processor 400 and display processor 500 worfc independently, but the signal processor 
can supervise the display processor by sending graphics commands to rt. Both signal 
processor 400 and display processor 500 can be controlled directly by main processor 
1 00. The following are examples of functions and operations the signal processor 400 
and display processor 500 can perform: 



SIGNAL PROCESSOR 

• Matrix control 

• 3D transformations 

• Lighting 

• Clipping, perspective and viewport application 

• Display processor command generation 



DISPLAY PROCESSOR 

• Rasterization 

• Texture coordinate generation 

• Texture application and filtering 

• Color combining 

• Blending 

• Fogging 

• Antialiasing 

• Frame buffer and frame buffer control 

Figure 5 shows the main processes performed by the main processor 100, 
coprocessor 200 and main memory 300 in this example system 50. The main processor 
100 receives inputs from the game controllers 56 and executes the video game program 
provided by storage device 54 to provide game processing (block 120)> It provides 
animation, and assembles graphics and sound commands for use by coprocessor 200. 
The graphics and sound commands generated by main processor 100 are processed by 
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blocks 122, 1 24 and 126— each of which is performed by coprocessor 200. In this 
example, the coprocessor signal processor 400 performs 3D geometry transformation 
and lighting processing (block 1 22) to generate graphics display commands for display 
processor 500. Display processor 500 "draws" graphics primitives (e.g., lines, triangles 
and rectangles) to create an image for display on color TV 58. Display processor 500 
performs this "drawing" or rendering function by "rasterizing" each primitive and applying 
a texture to it if desired (block 1 26). It does this very rapidly^-e.g., on the order of many 
millions of "pixels" (color television picture elements) a second. Display processor 500 
writes its image output into a frame buffer in main memory 300 (block 128). This frame 
buffer stores a digital representation of the image to be displayed on the television screen 
60. Additional circuitry within coprocessor 200 reads the information from the frame 
buffer and outputs it to television 58 for display (block 130). 

Signal processor 400 also processes sound commands received from main 
processor 100 using digital audio signal processing techniques (block 124). Signal 
processor 400 writes its digital audio output into a sound buffer in main memory 300. The 
main memory temporarily "buffers" (Le., stores) the sound output (block 132). Other 
circuitry in coprocessor 200 reads this buffered sound data from main memory 300 and 
converts it into electrical audio signals (stereo left and right channels) for application to 
and reproduction by television speakers 62a, 62b (block 134). 

Television 58 displays 30 or 60 new images a second. This "frame rate" fools the 
human eye into seeing continuous motion, allowing main unit 52 to create animation 
effects on television screen 60 by changing the image slightly from one frame to the next. 
To keep up with this television frame rate, coprocessor 200 must create a new image 
every 1/30 or 1/60 of a second. Coprocessor 200 must also be able to produce a stream 
of continuous sound to go along with the animation effects on screen 60. 

[Overall System Operation] 

Figure 6 shows the overall operation of system 50 in more detail, and Figure 7 
shows overall steps performed by the system to generate graphics. In this example, main 
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processor 100 reads a video game program 108 stored in main memory 300 (generally, 
this video game program will have originated In video game storage device 54 and have 
been copied from the video game storage device into the main memory). In response to 
executing this video game program 108 (and in response to inputs from game controllers 
56), main processor 100 creates (or reads from storage device 58) a list 1 1 0 of 
commands for coprocessor 200 (Figure 7, block 120a). This list 1 10, in general, includes 

two kinds of commands: 

(1) graphics commands 

(2) audio commands. 

Graphics commands tell coprocessor 200 what images to generate on TV screen 60. 
Audio commands tell sound coprocessor 200 what sounds it should generate for 
reproduction on TV loudspeakers 62. 

The list of graphics commands is called a "display list" because it controls the 
images coprocessor 200 displays on the TV screen 60. The list of audio commands is 
called a "play list" because it controls the sounds that are played over loudspeaker 62. 
Generally, main processor 100 specifies both a new display list and a new play list for 
each video "frame" time of color television set 58. 

In this example, main processor 100 provides Its disptay/play list 1 10 to 
coprocessor 200 by storing it into main memory 300 and then telling the coprocessor 
where to find it (Figure 7, block 120c). Main processor 100 also makes sure the main 
memory 300 contains a graphics and audio database 1 12 that includes all of the data 
coprocessor 200 will need to generate the graphics and sound requested in the 
display/play list 1 1 0. Some or all of this graphics and audio database 1 1 2 can come from 
storage device 54. The display/play list 1 10 specifies which portions of graphics and 
audio database 1 1 2 the coprocessor 200 should use. Main processor 100 also is 
responsible for making sure that signal processor 400 has loaded "microcode"-i.e., a 
computer program that tells the signal processor what to do. 

Signal processor 400 reads the display/play list 110 from main memory 100 
(Figure 7, block 122a) and processes this list— accessing additional data within the 
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graphics and audio databas 1 1 2 as needed (Figure 7. block 122b). Signal processor 
400 generates two main outputs: graphics display commands 1 12 for further processing 
by display processor 500 (Figure 7, block 122c); and audio output data 1 14 for temporary 
storage within main memory 300. Signal processor 400 processes the audio data in much 
less than the time it takes to play the audio through loudspeakers 62. Another part of the 
coprocessor 200 called an "audio interface" (not shown) subsequently reads the buffered 
audio data and outputs it in real time for reproduction by television loudspeakers 62. 

The signal processor 400 can provide the graphics display commands 1 12 directly 
to display processor 500 over a path internal to coprocessor 200, or it may write those 
graphics display commands into main memory 300 for retrieval by the display processor 
(not shown). These graphics display commands 112 command display processor 500 to 
draw ("render") specified geometric shapes with specified characteristics (Figure 7, block 
126a). For example, display processor 500 can draw lines, triangles or rectangles 
(polygons) based on these graphics display commands 112. and may fill triangles and 
rectangles with particular colors and/or textures 116 (e.g., images of leaves of a tree or 
bricks of a brick wall)— all as specified by the graphics display commands 1 12. Main 
processor 100 stores the texture images 1 16 into main memory 300 for access by display 
processor 500. It is also possible for main processor 1 00 to write graphics display 
commands 1 12 directly into main memory 300 for retrieval by display processor 500 to 
directly command the display processor. 

Display processor 500 generates, as its output, a digitized representation of the 
image that is to appear on television screen 60 (Figure 7, block 126b). This digitized 
image, sometimes called a "bit map." is stored within a frame buffer 1 18 residing in main 
memory 300. Display processor 500 can also store and use a depth (Z) buffer 1 18b in 
main memory 300 to store depth information for the image. Another part of coprocessor 
200 called the "video interface" (not shown) reads the frame buffer 1 18 and converts its 
contents Into video signals for application to color television set 58 (Figure 7, block 127). 
Typically, frame buffer 1 18 is "double buffered," meaning that coprocessor 200 can be 
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writing the "next" image into half of the frame buffer while the video interface is reading 
out the other half. 

The various steps shown in Figure 7 and described above are "pipelined" in this 
example. "Pipelining" means that different operations are performed concurrently for 
different stages in the graphics generation process. A simple analogy is the way most 
people do laundry. A non-pipeline mode of doing laundry would involve completing all 
relevant tasks (washing, drying, ironing/folding, and putting away) for one load of laundry 
before beginning the next load. To save time, people with multiple loads of laundry 
"pipeline" the laundry process by performing washing, drying, ironing/folding and putting 
away operations concurrently for different loads of laundry. 

Similarly, the operations performed by main processor 100, signal processor 400, 
display processor 500 and video interface 210 are "pipelined" in this example. For 
example, main processor 100 in this example can be assembling a display list two video 
frames ahead while signal processor 400 and display processor 500 are processing data 
for one video frame ahead and video interface 21 0 is processing data for the current 
video frame in progress. As is explained below, the detailed graphics rendering steps 
performed by display processor 500 in block 126a are also pipelined to maximize speed 
performance. 

[More Detailed System Architecture] 

Figure 8 shows a more detailed architecture of video game system 50. This 
diagram shows video game main unit 52 including, in addition to main processor 100, 
coprocessor 200 and main memory 300, additional components such as a clock 
generator 136. a serial peripheral interface 138, an audio digital-to-analog converter 
(DAC) 140, an audio amplifier/mixer 142, a video digital-to-analog converter 144. and a 
video encoder 146. 

In this example, the clock generator 1 36 (which may be controlled by a crystal 148) 
produces timing signals to time and synchronize the other components of main unit 52. 
Different main unit components require different clocking frequencies, and clock 
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generator 1 36 provides suitable such clock frequency outputs (or frequencies from which 
suitable clock frequencies can be derived such as by dividing). A timing block 21 6 within 
coprocessor 200 receives clocking signals from clock generator 136 and distributes them 
(after appropriate dividing as necessary) to the various other circuits within the 
coprocessor. 

In this example, the game controllers 58 are not connected directly to main 
processor 100, but instead are connected to main unit 52 through serial peripheral 
interface 138. Serial peripheral interface 138 demultiplexes serial data signals incoming 
from up to four (or five) game controllers 56 (or other serial peripheral devices) and 
provides this data in a predetermined format to main processor 100 via coprocessor 200. 
Serial peripheral interface 138 is bidirectional in this example, i.e., it is capable of 
transmitting serial information specified by main processor 100 in addition to receiving 
serial information. 

Serial peripheral interface 138 in this example also includes a "boot ROM" read 
only memory 1 50 that stores a small amount of initial program load (I PL) code. This I PL 
code stored within boot ROM 1 50 is executed by main processor 100 at time of startup 
and/or reset to allow the main processor to begin executing game program instructions 
108a within storage device 54 (see Figure 9, blocks 160a, 160b). The initial game 
program instructions 108a may, in turn, control main processor 100 to initialize the drivers 
and controllers it needs to access main memory 300 (see Figure 9, blocks 160c, 1 60d) 
and to copy the video game program and data into the faster main memory 300 for 
execution and use by main processor 100 and coprocessor 200 {see Figure 9, blocks 
160e, 1601, 160g). 

Also in this example, serial peripheral interface 138 includes a security processor 
(e.g., a small microprocessor) that communicates with an associated security processor 
152 (e.g., another small microprocessor) within storage device 54 (see Figure 8). This 
pair of security processors (one in the storage device 54, the other in the main unit 52) 
perform an authentication function to ensure that only authorized storage devices may be 
used with video game main unit 52. See U.S. Patent No. 4,799,635. In this example, the 
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security processor within s rial peripheral interface 138 may process data received from 
game controllers 56 under software control in addition to performing a security function 

under software control. 

Figure 8 shows a connector 1 54 within video game main unit 52. This connector 
154 connects to the electrical contacts 74 at the edge of storage device printed circuit 
board 70 in this example (see Figure 1). Thus, connector 154 electrically connects 
coprocessor 200 to storage device ROM 76. Additionally, connector 154 connects the 
storage device security processor 152 to the main unifs serial peripheral interface 138. 
Although connector 1 54 in the particular example is used primarily to read data and 
instructions from a non-writable read only memory 76, system 52 is designed so that the 
connector is bidirectional, i.e., the main unit can send information to the storage device 54 
in addition to reading information from it. 

Figure 8 also shows that the audio and video outputs of coprocessor 200 are 
processed by some electronics outside of the coprocessor before being sent to television 
set 58. In particular, in this example coprocessor 200 outputs its audio and video 
information in digital form, but conventional home color television sets 58 generally 
require analog audio and video signals. Therefore, the digital outputs of coprocessor 200 
are converted into analog form-a function performed for the audio information by DAC 
1 40 and for the video Information by VDAC 1 44. The analog audio output of DAC 140 is 
amplified by an audio amplifier 142 that may also mix audio signals generated externally 
of main unit 52 and supplied through connector 1 54. The analog video output of VDAC 
1 44 is provided to video encoder 1 46, which may, for example, convert "RGB" input 
signals to composite video outputs. The amplified stereo audio output of amplifier 142 
and the composite video output of video encoder 1 46 are provided to home color 
television set 58 through a connector not shown. 

As shown in Figure 8, main memory 300 stores the video game program in the 
form of CPU instructions 108b. These CPU instructions 108b are typically copied from 
storage device 54. Although CPU 1 00 in this example is capable of executing instructions 
directly out of storage device ROM 76, the amount of time required to access each 
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instruction from the ROM is much greater than the time required to access instructions 
from main memory 300. Therefore, main processor 1 00 typically copies the game 
program/data 108a from ROM 76 into main memory 300 on an as-needed basis in 
blocks, and accesses the main memory in order to actually execute the instructions (see 
Figure 9, blocks 1 60e, 160f)- The main processor 100 preferably includes an internal 
cache memory to further decrease instruction access time. 

Figure 8 shows that storage device 54 also stores a database of graphics and 
sound data 1 12a needed to provide the graphics and sound of the particular video game. 
Main processor 1 00 reads the graphics and sound data 1 1 2a from storage device 54 on 
an as-needed basis and stores it into main memory 300 in the form of texture data 1 1 6, 
sound data 1 1 2b and graphics data 1 1 2c. In this example, display processor 500 
includes an internal texture memory 502 into which the texture data 1 1 6 is copied on an 
as-needed basis for use by the display processor. 

Storage device 54 also stores coprocessor microcode 156. As described above, in 
this example signal processor 400 executes a computer program to perform its various 
graphics and audio functions. This computer program or "microcode," is provided by 
storage device 54. Because the microcode 1 56 is provided by storage device 54, 
different storage devices can provide different microcodes— thereby tailoring the particular 
functions provided by coprocessor 200 under software control. Typically, main processor 
100 copies a part of the microcode 156 into main memory 300 whenever it starts the 
signal processor, and the signal processor 400 then accesses other parts of the 
microcode on an as-needed basis. The signal processor 400 executes the microcode out 
of an instruction memory 402 within the signal processor 400. Because the SP microcode 
156 may be too large to fit into the signal processor's internal instruction memory 402 all 
at once, different microcode portions may need to be loaded from main memory 300 into 
the instruction memory 402 to allow signal processor 400 to perform different tasks. For 
example, one part of the SP microcode 156 may be loaded into signal processor 400 for 
graphics processing, and another part of microcode may be loaded into the signal 
processor for audio processing. In this example, the signal processor microcode RAM 
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402 (and an additional signal processor data memory RAM not shown in Figure 8) is 
mapped into the address space of main processor 100 so the main processor can directly 
access the RAM contents under software control through load and store instructions. 

[Main Processor 100] 

Main processor 100 in this example is a MIPS R4300 RISC microprocessor 
designed by MIPS Technologies, Inc., Mountain View, California. This R4300 processor 
includes an execution unit with a 64-bit register file for integer and floating-point 
operations, a 1 6 KB Instruction Cache, a 8 KB Write Back Data Cache, and a 32-entry 
TLB for virtual-to-physical address calculation. The main processor 100 executes CPU 
instructions (e.g., a video game program) 108 in kernel mode with 32-bit addresses. 64- 
bit integer operations are available in this mode, but 32-bit calling conventions are 
preferable to maximize performance. For more information on main processor 100, see, 
for example, Heinrich, MIPS Microprocessor R4000 User's Manual (MIPS Technologies, 
Inc., 1994, Second Ed.). 

Main processor 100 communicates with coprocessor 200 over bus 102, which in 
this example comprises a bi-directional 32-bit SysAD multiplexed address/data bus, a bi- 
directional 5-bit wide SysCMD bus, and additional control and timing lines. See chapter 
12 et seq. of the above-mentioned Heinrich manual. 

The conventional R4300 main processor supports six hardware interrupts, one 
internal (timer) interrupt, two software interrupts, and one non-maskable interrupt (NMI). 
In this example, three of the six hardware interrupt inputs (INTO, INT1 and INT2) and the 
non-maskable interrupt (NMI) input allow other portions of system 50 to interrupt the main 
processor. Specifically, main prooessor INTO is connected to allow coprocessor 200 to 
interrupt the main processor, main processor interrupt INT1 is connected to allow storage 
device 54 to interrupt the main processor, and main processor interrupts INT2 and NMI 
are connected to allow the serial peripheral interface 138 to interrupt the main processor. 
Anytime the processor is interrupted, it looks at an internal interrupt register to determine 
the cause of the interrupt and then may respond in an appropriate manner (e.g., to read a 
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status register or perform oth r appropriate action). All but the NMI interrupt Input from 
serial peripheral interface 138 are maskable (i.e., the main processor 100 can selectively 
enable and disable them under software control). 

Main processor 1 00 reads data from and writes data to the rest of system 50 via 
the C PU -to-cop rocessor bus 102. The coprocessor 200 performs a memory mapping 
function, allowing the main processor 1 00 to address main memory 300, the storage 
device cartridge ROM 76, the "boot ROM" 150 within serial peripheral interface 138 (and 
other parts of the serial peripheral interface), various parts of coprocessor 200 (including 
signal processor RAM 402), and other parts of system 50. 

In the example, the operations performed by main processor 100 are completely 
dependent on videogame program 108. In this example, all "system" software is supplied 
by the storage device 58 to provide maximum flexibility. Different video games (or other 
applications) may run more efficiently with different kinds of high level software. 
Therefore, main unit 52 in this example does not provide any standard software libraries - 
- or any software at all for that matter - since such libraries could limit flexibility. Instead, 
all software in this example is supplied by storage device 54. 

Developers of video game software 1 08 may wish to employ advanced software 
architecture such as, for example, device drivers, schedulers and thread libraries to 
manage the various resources within system 50. Since main processor 100 is a state-of- 
the-art RISC processor/computer, it is appropriate to use such software 
architecture/constructs and to implement video game program 108 in a high level 
software environment. 

An example system "memory map" of the main processor 100 address space is 
shown in Figure 10. As shown in this Figure 10, main memory 300 is divided into two 
banks (bank 0 and bank 1) in this example. In addition, certain configuration registers 
307 within the main memory 300 are mapped into the main processor address space, as 
are registers within coprocessor 200. Main processor 100 in this example can control 
each of the various coprocessor subblocks by writing, under control of video game 
program 1 08, into control registers associated with each coprocessor 200 sub-block. 
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As shown in Figure 10, storage device 54 address space is divided into two 
"domains" (for two different devices, for example). These "domains" are mapped into 
several parts of the main processor 100 address space. Various parts of the serial 
peripheral Interface 138 (I.e., PIF boot ROM 150, a PIF buffer RAM, and a PIF status 
register) are also mapped into the main processor 100 address space. 

[Unified Main Memory 300] 

Main memory 300 in this example comprises a RDRAM dynamic random access 
memory available from Rambus Inc. of Mountain View, California. In this example, main 
memory 300 is expandable to provide up to 8 megabytes of storage, although main unit 
52 may be shipped with less RAM (e.g., 2 or 3 MB) to decrease cost. 

Main memory 300 provides storage for the entire system 50 in this example. It 
provides a single address space (see Figure 10 above) for storing all significant data 
structures, including for example (as shown in Figure 8): 

• Main processor instructions 1 08 
Signal processor microcode 156 
Display list graphic commands 1 1 0a 
Play list audio commands 1 1 0b 

Texture maps 1 1 6 and other graphics data 1 1 2c 

Color image frame buffer 1 1 8a 

Depth (z) buffer 118b 

sound data 1 12b 

Audio output buffer 1 1 4 

Main processor working values 

• Coprocessor working values 

Data communicated between various parts of the system. 
Advantages and disadvantages in using single address space memory architectures for 
raster scan display systems are known (see, for example. Foley et al, Computer 
Graphics: Principles and Practice at 177-178 (2d Ed. Addison-Wesley 1990). Many video 



(202) *f$BB¥9-3 2 5 75 9 

^«^=000 5 68 : (89) 

game (and other graphics) syst m architects in the past rejected a single address space 
architecture in favor of using dedicated video RAM devices for graphics data and using 
other types of memory devices for other types of data. However, a unified main memory 
300 provides a number of advantages in this particular example of a video game system 
50. For example: 

Data communications between system elements is simplified. Once data is stored 
In main memory 300, there is little or no additional overhead in communicating the data to 
another part of the system. The overhead of transferring data between different parts of 
the system is thus minimized. For example, since the main processor 100 and each sub- 
block within the coprocessor 200 can each access system main memory 300, the main 
memory used by all system elements for data structure storage can also be used as a 
general purpose communication channel/data buffer between elements. 

For example, display lists 110 main processor 100 stores within main memory 300 
can be directly accessed by signal processor 400. Similarly, display commands the main 
processor (and/or the signal processor) stores within the main memory can be directly 
accessed by display processor 500. The main processor 100 working data (which can 
automatically be written into the main memory 300 via a "cache flush") is immediately 
available to all other parts of the system. 

The unified memory provides memory allocation flexibility. Main memory 300 
locations look alike, and therefore each location can be used for storing any type of data 
structure. All main memory 300 allocation decisions are left to the application 
programmer. This provides great flexibility in terms of data structure sizes and memory 
usage. Data structures can be stored anywhere in main memory 300, and each location 
in memory 300 can be allocated however the application programmer specifies. 

For example, one video game programmer might provide a large frame buffer for 
high resolution images and/or image scrolling and panning, while another programmer 
may decide to use a smaller frame buffer so as to free up memory space for other data 
structures (e.g., textures or audio data). One application may devote more of main 
memory 300 storage for audio data structures and less to graphics data, while another 
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application may allocate most of the storage for graphics related data. The same video 
game program 1 08 can dynamically shift memory allocation from one part of game play to 
another {e.g., at the time the game changes levels) to accomplish different effects. 
Application flexibility is not limited by any fixed or hardwired memory allocation. 

The Unified RAM architecture supports flexible data structure sharing and usage. 
Since all significant data structures are stored within common main memory 300, they can 
all be accessed by main processor 100 and other system elements. There is no 
hardware distinction between display images and source images. For example, main 
processor 100 can, if desired, directly access individual pixels within frame buffer 118. 
The scan conversion output of display processor 500 can be used as a texture for a 
texture mapping process. Image source data and scan converted image data can be 
interchanged and/or combined to accomplish special effects such as, for example, 
warping scan-converted images into the viewpoint. 

The shortcomings of a unified memory architecture (e.g., contention for access to 
the main memory 300 by different parts of the system) have been minimized through 
careful system design. Even though main memory 300 is accessed over a single narrow 
(9-bit-wide) bus 106 in this example, acceptable bandwidth has been provided by making 
the bus very fast (e.g., on the order of 240 MHz). Data caches are provided throughout 
the system 50 to make each sub-component more tolerant to waiting for main memory 
300 to become available. 

[Coprocessor 200] 

Figure 8 shows that coprocessor 200 includes several components in addition to 
signal processor 400 and display processor 500, namely: 

• CPU interface 202, 

• a serial interface 204, 

• a parallel peripheral interlace 206, 

• an audio interface 208, 

• a video interface 21 0, 
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• a main memory DRAM controller/interface 212, 

• a main internal bus 214 and 

• a timing block 216. 

In this example, main bus 214 allows each of the various main components within 
coprocessor 200 to communicate with one another. 

Figure 1 1 , a more detaUed diagram of coprocessor 200, shows that the 
coprocessor is a collection of processors, memory interfaces and control logic all active al 
the same time and operating in parallel. The following briefly describes the overall 
functions provided by each of these other sub-blocks of coprocessor 200: 

Signal processor 400 is a microcoded engine that executes audio and graphics 

tasks. 

Display processor 500 is a graphics display pipeline that renders into frame buffer 
118. 

Coprocessor serial interface 204 provides an interface between the serial 
peripheral interface 128 and coprocessor 200 in this example. 
Coprocessor parallel peripheral interface 206 interfaces with the storage device 54 
or other parallel devices connected to connector 154. 

Audio interface 208 reads information from audio buffer 1 1 4 within main memory 
300 and outputs it to audio DAC 140. 

Coprocessor video interface 21 0 reads information from frame buffer 1 1 8a within 
main memory 300 and outputs it to video DAC 1 44. 

The CPU interface 202 is the gateway between main processor 100, coprocessor 
200 and the rest of system 50. 

DRAM controller/interface 21 2 is the gateway through which coprocessor 200 (and 
main processor 100) accesses main memory 300. Memory interface 212 provides 
access to main memory 300 for main processor 100, signal processor 400, display 
processor 500, video interlace 210, audio interface 208, and serial and parallel 
interfaces 204, 206. 

Each of these various processors and Interfaces may be active at the same time. 
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Signal processor 400 in this example includes the instruction memory 402 
discussed above, a data memory 404, a scalar processing unit 410 and a vector 
processing unit 420. Instruction memory 402 stores microcode for execution by scalar 
unit 410 and/or vector unit 420. Data memory 404 stores input data, work data and 
output data for the scalar unit 41 0 and for the vector unit 420. Signal processor 400 can 
execute instructions only out of instruction memory 402 in this example, but has access to 
main memory 300 via direct memory accessing (DMA) techniques. 

In this example, scalar unit 410 is a general purpose integer processor that 
executes a subset of the MIPS R4000 instruction set. It is used to perform general 
purpose operations specified by microcode within instruction memory 402. Vector unit 
420 comprises eight 16-bit calculating elements capable of performing numerical 
calculations in parallel. Vector unit 420 is especially suited for graphics matrix 
calculations and certain kinds of digital audio signal processing operations. 

Display processor 500 in this example is a graphics display pipelined engine that 
renders a digital representation of a display image. It operates based on graphics display 
commands generated by the signal processor 400 and/or main processor 100. Display 
processor 500 includes, in addition to texture memory 502, a rasterizer 504, a texture unit 
506, a color combiner 508, a blender 51 0 and a memory interface 512. Briefly, rasterizer 
504 rasterizes polygon (e.g., triangle, and rectangle) geometric primitives to determine 
which pixels on the display screen 60 are within these primitives. The texture unit can 
apply texture maps stored within texture memory 502 onto textured areas defined by 
primitive edge equations solved by rasterizer 504. The color combiner 508 combines and 
interpolates between the texture color and a color associated with the graphic primitive. 
Blender 51 0 blends the resulting pixels with pixels in frame buffer 118 (the pixels in the 
frame buffer are accessed via memory interface 512) and is also involved in performing Z 
buffering (i.e., for hidden surface removal and anti-aliasing operations). Memory interface 
512 performs read, modify and write operations for the individual pixels, and also has 
special modes for loading/copying texture memory 502, filling rectangles (fast clears), and 
copying multiple pixels from the texture memory 502 into the frame buffer 1 1 8. Memory 
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interface 512 has one or more pixel caches to reduce the number of accesses to main 
memory 300. 

Display processor 500 includes circuitry 51 4 that stores the state of the display 
processor. This state information is used by the rest of display processor 500 to, for 
example, select rendering modes and to ensure that all previous rendering effected by a 
mode change occurs before the mode change is implemented. 

The command list for display processor 500 usually comes directly from signal 
processor 400 over a private "X bus" 218 that connects the signal processor to the 
display processor. More specifically, X-bus 21 8 in this example is used to transfer 
graphics display commands from the signal processor data memory 404 into a command 
buffer (not shown in Figure 11) within display processor 500 for processing by the display 
processor. However, in this example it is also possible for signal processor 400 and/or 
main processor 100 to feed graphics display commands to display processor 500 via 
main memory 300. 

Display processor 500 accesses main memory 300 using physical addresses to 
load its internal texture memory 502, read frame buffer 1 18 for blending, read the Z buffer 
1 18B for depth comparison, to write to the Z-buffer and the frame buffer, and to read any 
graphics display commands stored in the main memory. 

[Coprocessor Internal Bus Architecture] 

Figure 12 is a more detailed diagram showing an example coprocessor bus 214 
arrangement, which in this example oomprises a 32-bit address (°C ,r ) bus 21 4C and a 64- 
bit data ("D") bus 21 4D. These busses 214C, 214D are connected to each of signal 
processor 400, display processor 500, CPU interfaoe 202, audio interface 208, video 
interface 210, serial interface 204, parallel peripheral interface 206, and main memory 
(RAM) interface 212. As shown in Figure 12, main processor 100 and each of the sub- 
blocks of coprocessor 200 communicates with main memory 300 via internal coprocessor 
busses 21 4C, 214D, and main memory interface/controller 212a/212b. 
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In this example, main memory interface/controller 212a, 212b converts main 
memory addresses asserted on coprocessor address bus 21 4C into 9-bit-wide format for 
communication over the 9-bit-wide main memory multiplexed address/data bus 106, and 
also converts between the main memory bus 106 9-bit-wide data format and the 
cx>processor data bus 21 4D 64-bit wide data format. In this example, the DRAM 
controller/interface 212 includes, as a part thereof, a conventional RAM controller 212b 
(see Figure 12) provided by Rambus Inc. The use of a 9-bit-wide main memory bus 106 
reduces the chip pin count of coprocessor 200. 

In this example, each of the coprocessor 200 sub-blocks shown has an associated 
direct memory access (DMA) circuit that allows it to independently address and access 
main memory 300. For example, signal processor DMA circuit 454, display processor 
DMA circuit 518, audio interface DMA circuit 1200, video interface DMA circuit 900, serial 
interface DMA circuit 1300, and parallel peripheral interface DMA circuit 1400 each allow 
their associated coprocessor sub-block to generate addresses on coprocessor address 
bus 21 4C and to communicate data via coprocessor data bus 21 4D (additionally, display 
processor 500 has a further memory interface block 512 for access to the main memory 
frame buffer 1 1 8 and texture data 116). 

Although each of the coprocessor 200 sub-blocks can independently access main 
memory 300, they all share common busses 21 4C, 21 4D in this example - and only one 
of the subblocks can use these shared busses at a time. Accordingly, coprocessor 200 
has been designed to make most efficient use of the shared busses 214. For example, 
the coprocessor 200 sub-blocks may buffer or "cache" information to minimize the 
frequency of different bus accesses by the same sub-block and to make the subblocks 
more tolerant of temporary bus unavailability. A private bus 218 allows signal processor 
400 to communicate with display processor 500 without having to wait for main bus 214 to 
become available. 

Also as shown in Figure 12, each of the sub-blocks of coprocessor 200 includes 
control/status registers that can be accessed by main processor 1 00 via CPU interface 
202. For example, signal processor registers 407, display processor registers 507, audio 
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interface regist rs 1207, video interface registers 907, serial interface registers 1307, 
parallel peripheral interface registers 206, RAM interface registers 10O7a, and RAM 
controller registers 1007b are each mapped into the main processor 100 address space, 
The main processor 1 00 can read from and/or write to these various registers under 
control of game program 1 08 to directly control the operation of sub-blocks within 
coprocessor 200. 

[Signal Processor 400] 

Figure 1 3 shows the architecture of signal processor 400 of this example in more 
detail. As explained above, signal processor 400 includes a scalar unit 410, a vector unit 
420, an instruction memory 402 and a data memory 404. In this example, scalar unit 41 0 
is a 32-bit integer processor that executes a sub-set of the MIPS 4000 instruction set. 
Vector unit 420 (which is defined as a "CP1 0 coprocessor of scalar unit 41 0 under the 
MIPS 4000 architecture) performs integer calculations (e.g., multiplications, additions, 
subtractions and multiply/accumulates) on eight 16-bit sets of values in parallel. 

Vector unit 420 can perform the same operation on eight pairs of 16-bit operands 
in parallel simultaneously. This makes signal processor 400. especially suited for "sum of 
products" calculations such as those found in matrix multiplications, texture resampling, 
and audio digital signal processing such as, for example, digital audio synthesis and 
spatial and frequency filtering. 

Signal processor 400 uses a RISC (reduced instruction set computer) architecture 
to provide high performance machine control based on instructions residing in the 
instruction memory 402. In this example, execution unit includes a program counter 432 
that is used to address instruction memory 402 over path 434. This program counter 432 
can access only the 4 kilobyte instruction space within instruction memory 402 in this 
example-requiring that all instructions to be executed by the signal processor first be 
placed into the Instruction memory. Execution unit 430 generates output control signals 
436 based on the particular instructions currently being executed. These output control 
signals 436 control all other parts of signal processor 400, and are sequenced to manage 
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pipelined instruction processing. Scalar unit 410 and vector unit 420 are controlled by 
these control signals 436. For example, scalar unit 41 0 may address data memory 404 
via path 438 to read data from and/or write data into the data memory using load/store 
block 440. Data path 414 may perform tests based on results of calculations and provide 
resulting condition outputs to execution unit 430 via path 442. This execution unit 430 
may use these condition outputs to perform a conditional branch or jump, loading 
program counter 432 with the appropriate (next) address into instruction memory 402. 
Because scalar processor 410 has these more general capabilities, it is used in this 
example for general purpose functions such as, for example, control flow, address 
calculation and the like-in addition to providing 32-bit integer calculations. 

Execution unit 430 executes intermediate, jump and register instruction formats in 
accordance with the standard MIPS R4000 instruction set. Figure 14(a) shows an 
example of a register instruction format 450 and how signal processor 400 uses that 
register instruction format to access three 128-bit wide words 452 within data memory 
404. Register instruction format 450 may include a 6-bit operation code field 450(a), a 5- 
bit source register specifier 450(b). a 5-bit target (source/destination) register specifier 
450(c), a 5-bit destination register specifier 450(d), and a parameter field 450(e). The 
parameter field 450(e) may specify shift amounts and/or functions, and together with 
operation code 450(a) defines the operation to be performed. Each of fields 450(b), 
450(c) and 450(d) specifies a location within data memory 404--and thus each designates 

128-bit word. 

As shown in Figure 1 4(b), vector unit 420 treats each of these 128-bit words as a 
concatenated sequence of eight 16-bit values, and operates on each of the 16-bit values 
in parallel. The operations of vector unit 420 are invoked by instructions within the CP1 
type instructions typically reserved for floating point operations in the MIPS R4000 
instruction set (signal processor 400 has no floating point unit in this example). 

Scalar unit 410 Includes a register file 412 comprising 32 registers, each register 
being 32 bits wide. Scalar unit also includes a data path 414 comprising adders, shifters, 
and other logic required to execute integer calculations and other operations. Register 
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file 412 is similar to the general purpose register file defined by the MIPS R4000 
architecture, and accepts instructions in R4000 format. Data path 414 includes an integer 
multiplier/divider, and operates in conjunction with an execution unit 430 that receives 
64-bit wide Instructions from instruction memory 402. 

Vector unit 420 includes eight sets of register files 422(0)-422(7) and eight sets of 
corresponding data paths 423 (0)-423(7). Data paths 423 each include a 16-bit multiplier, 
a 16-bit adder and a 48-bit accumulator {48 bit accumulation accommodates audio filters 
with a large number of taps, and also accommodates partial products wherein a series of 
1 6-bit multiplies and sums is used to obtain a 32-bit result for certain graphics calculations 
requiring more than 16-bit precision). Each of register files 422 comprises 32 registers 
each of which are 32-bits wide. A 128 bit wide data path 444 connects vector unit 420 to 
load/store block 440, and another 128 bit wide data path 446 connects the load/store 
block 440 to data memory 404. Data memory 404 stores 4096 (4KB) words, each word 
being 1 28 bits wide. When a word in data memory 404 is retrieved for use by vector unit 
420, it is sliced into eight 1 6-bit segments, with each segment being sent to a different 
register file 422 within vector unit 420 (see Figure 14(b)). Figure 14(c) shows an example 
add operation performed by vector unit 420. When vector unit 420 writes to a destination 
addressed within data memory 404, each of register files 422 contributes 1 6-bits which 
are combined into a 128 bit word before being written into the data memory (see Figure 
1 4(a)). Alternatively, load/store block 440 includes a steering multiplexer arrangement 
(not shown) that can steer 16-bit sub-words within the data memory 128-bit word to/from 
different vector unit register files 422 - with the particular sub-word and the particular 
vector unit register file being selectable based on instructions from instruction memory 
402. Similarly, load/store block 440 includes a further steering multiplexer arrangement 
(not shown) that can steer different sized data units (e.g., bytes, 16-bit half-words, or 32- 
bit words) between data memory 408 and scalar unit 410 - with the particular data unit 
and size being specified by instructions within instruction memory 402. See, for example, 
description of Load and Store "Byte", "Halfword", "Word", "Word Left" and "Word Right- 
in Heinrich, MIPS R4000 Microprocessor User's Manual (2d Ed. 1994). 
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Signal processor 400 also includes a DMA controller 454 and CPU control 
registers 456. DMA controller 454 is connected to the coprocessor internal bus 214, and 
is used to transfer data into and out of instruction memory 402 and/or data memory 404. 
For example, DMA controller 454 can copy microcode modules 156 from main memory 
300 into signal processor instruction memory 402. DMA controller 454 may also be used 
to transfer information between data memory 404 and main memory 300. DMA controller 
454 can be commanded by execution unit 430, and receives DMA address and data 
information from scalar unit data path 41 4 over path 438. DMA controller 454 may also 
be commanded by main processor 100 via CPU control registers 456. CPU control 
registers 456 are mapped into the main processor 100 address space, and can be 
accessed by signal processor 400 and execution unit 430 using MIPS "CP0" instruction 
formats. 

Figures 15(d)-16(l) show example CPU control registers 756. The registers shown 
in Figures 15(d)-t 5(h) are used to control and/or monitor the DMA controller 454. 

For example, the SP-DRAM DMA address register 458 shown in Figure 15(d) can 
be written to or read from by main processor 100 (as well as SP execution unit 430), and 
is used to specify a starting DMA address within instruction memory 402 or data memory 
404. SP memory DMA address 460 shown in Figure 15(e) is used to specify a starting 
DMA address in main memory 300. Read and write DMA length registers 462, 464 
shown in Figure 15(f) and 15(g), respectively, specify the length of a block of data to be 
transferred between signal processor 400 and main memory 300-^with the direction of 
transfer depending upon which one of these two registers is used to specify the block 
length. DMA status registers 466, 468 shown in Figures 15(h) and 15(i) respectively, can 
be read by main processor 100 to determine whether DMA controller 454 is full or busy, 
respectively. 

Figure 16(i) shows the main SP status register 470 within CPU control registers 
456. SP status register 470 acts as an SP control register when it is written to by main 
processor 100 (top diagram of Figure 160)), and indicates SP status when read by the 
main processor (bottom diagram in Figure 16(|)). When used as a status register, SP 
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status register 470 tells main processor 1 00 whether the SP is halted (field 471), whether 
the SP is operating in a breakpoint mode (field 472), whether the DMA controller 454 is 
busy (field 474) or full (field 475), whether SP I/O is full (field 476), whether the SP is 
operating in single step mode (field 477), whether the SP is operating in a mode in which 
It won't generate an interrupt upon reaching a breakpoint (block 478), and whether the SP 
has generated various general purpose "signals" 479 that can be defined under software 
control to provide status concerning various software-dependent parameters. Main 
processor 100 can write to register 470 to stop or start signal processor 400 (fields 480, 
481), to clear breakpoint mode (field 482), to clear or set an interrupt mode (fields 483, 
484), to clear or set single step mode (fields 485, 486), to clear or set an interrupt on 
breakpoint mode (fields 487, 488), and to clear or set the various software-dependent 
"signals" (fields 489, 490). 

Figure 16(k) shows an additional SP register 491 used as a "semaphore" for 
general purpose communications between the main processor 100 and the signal 
processor 400. This register 491 contains a flag that main processor 1 00 sets upon 
reading the register and clears upon writing to the register. Signal processor 400 can also 
set or clear this flag. 

Figure 16(1) shows an SP instruction memory BIST status register 492 that is used 
as a BIST control register when written to by main processor 100 (top diagram in Figure 
16(1) and indicates BIST status when read by the main processor (bottom diagram of 
Figure 16(1))- Program counter 432 is preferably also mapped into the CPU control 
registers 456 so that it can be written to and read from by main processor 1 00. 

[Signal Processor Microcode] 

The particular functions signal processor 400 performs depend on the SP 
microcode 1 56 provided by storage device 54. In this example, SP microcode 156 
provides both graphics and audio processing functions. As explained above, the main 
tasks performed by signal processor 400 for graphics processing include reading a 
display list, performing 3-dimensional geometry transformation and lighting calculations, 



(213) !8P3¥9-3 2 5 75 9 

&m&^=0 0 Q 5 6 8 <IQO)_ 

and generating corresponding graphics display commands for use by display processor 
500. In more detail, signal processor 400 performs the following overall graphics 
functions under control of microcode 156: 

Display list processing 

Matrix definition 

• Vertex generation and lighting 
Texture definition/loading 
Clipping and culling 

• Display processor command setup 
Flow control 

Signal processor 400 performs the following overall functions under control of microcode 
156 to process audio: 

Play list processing 

Digital audio synthesis/processing 

Writing digital audio samples to main memory audio buffer 1 1 4 



[Task Lists] 

Main processor 1 00 tells signal processor 400 what to do by providing the signal 
processor with a task list. The microcode 1 56 program that runs on signal processor 400 
is called a task. Main processor 100 (and thus the video game program 108 supplied by 
storage device 54) is responsible for scheduling and invoking tasks on signal processor 
400. The task list contains all of the information signal processor 400 needs to begin task 
execution, including pointers to the microcode 1 56 routines it needs to run in order to 
perform tasks. Main processor 100 provides this task list under control by game program 
108. 

Figure 17 shows an example of a task list 250. The task list 250 may reference one 
or more display lists and/or play lists 110. These display lists or play lists 1 10. in turn, 
may reference additional data structures including other display lists or play lists. A 
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display list 1 10 can point to other display lists and/or graphics data. Similarly, a play list 
can reference other play list and/or sound data. In this example, display lists and play 
lists can be thought of as hierarchical data structures up to ten levels deep. Signal 
processor 400 processes the display lists and play lists of the stack, pushing and popping 
the current display list pointer. All display lists must terminate with an "end" command. 
For example, display list 1 1 0(1 ) shown in Figure 1 7 references another display list 1 10(2). 
Display list 1 10(2) references graphics data 112 needed to execute the list. Similarly, play 
list 1 1 0(4) shown in Figure 17 references sound data 1 1 2B. 
^ For graphics animation, it is desirable to "double buffer" only parts of the display 

list 1 10 that change from one frame to another. In this way. only the data that changes 
from one frame to the next needs to be "double butfered'-thus conserving space in main 
memory 300. Swapping between double buffers is efficiently done by changing segment 
base addresses within task lists 250 and by organizing the hierarchical display lists in an 
appropriately efficient manner Display lists or fragments of display lists can be chained 
together for more efficient memory utilization. 

Figure 1 8 shows an example process performed by main processor 1 00 to invoke 
processing of a new task list by signal processor 400. Main processor 100 first loads the 
task (display) list into main memory 300 (block 601). It then halts signal processor 400 
^ (or checks to insure that the signal processor is halted) by writing to and/or reading from 
SP status register 470 (block 602). Main processor 100 then writes to SP DMA registers 
458, 460, 462 to load an initial microcode module into signal processor instruction 
memory 402 (604, Figure 1 8). Main processor 1 00 next stores the address in main 
memory 300 of the task (display) list loaded by block 601 into signal processor data 
memory 404 (block 606, Figure 18). Main processor 100 then resets the signal processor 
program counter 432 (block 608, Figure 18), and writes to SP status register 470 to start 
the signal processor 400 (block 61 0, Figure 1 8). The signal processor 400 typically then 
uses its DMA controller 454 to fetch the task (display) list from main memory 300 into its 
data memory 404. 



(215) 



$J§U¥9-3 2 5 7 5 9 



Q Q 5 6 8 (102) 

Now that signal processor 400 has a task list and is started, rt proceeds to perform 
each of the operations requested in the task list. It continues to execute the task list until 
it reaches the end of the task list, at which time it stops and waits for main processor 1 00 
to provide a new task list. Generally, main processor 100 provides a new task list once 
each video frame-although, as discussed above, in many cases only a portion of the task 
list and/or the display and/or play lists the task list references may actually change from 
one frame to the next. Portions of the task list in main memory 300 may be "double 
buffered" so the main processor 100 can be writing to one buffer while signal processor 
400 reads from another buffer. Before the next video frame, the main processor 1 00 can 
change a pointer to give the signal processor 400 access to the new buffer. 

As signal processor 400 executes the task list, it retrieves additional SP microcode 
156 modules from main memory 300 as needed to perform the specified tasks. For 
example, signal processor 400 may use Its DMA facility 454 to load particular graphics 
microcode into instruction memory 402 to execute graphics commands specified by a 
task list, and may similarly retrieve and load audio processing microcode routines to 
perform audio processing specified by the task list. Different microoode routines or 
"overlays" may be loaded on an as-needed basis to more optimally handle particular 
types of graphics and/or audio processing operations. As one example, the signal 
processor 400 may load special lighting graphics routines as overlays to perform 
particular lighting operations, and may load clipping routines or overlays to perform 
particular culling operations. Microcode loading and reloading into signal processor 400 
during execution of the single task list 250 is necessary in this example because signal 
processor instruction memory 402 is not large enough to store all of SP microcode 156, 
and the signal processor is designed so that it can execute instructions only out of its 
internal instruction memory. 

Figure 1 9 shows an example of a simplified graphics process performed by signal 
processor 400 based on a display list 110. In this simplified process, the display list 1 1 0 
first commands signal processor 400 to set various attributes defining the overall 
graphical images that are to be rendered by the co-processor. Such attributes include, for 
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example, shading, lighting, Z buffering, texture generation, fogging and culling (Figure 19, 
block 612). The display list next commands signal processor 400 to define a modeling/ 
viewing matrix and a projection matrix (Figure 19. block 614). Once the appropriate 
matrices have been defined, the display list commands signal processor 400 to transform 
a set of vertices based on the modeling/viewing matrix and the projection matrix defined 
by block 61 4 and also based on the attributes set by block 61 2 (Figure 1 9, block 61 6). 
Finally, the display list commands signal processor 400 to generate a graphics display 
(e.g., triangle) command that directs display processor 500 to render a primitive based on 
the vertices generated by block 616 and the attributes set by block 612 (Figure 19, block 
61 8). Signal processor 400 may, in response to step 618, transfer the display processor 
command it has generated (or the address of the command, which the signal processor 
may store in its data memory 404 or in main memory 300) for access and execution by 
display processor 500. 

Figure 20 shows an overall process 620 performed by signal processor graphics 
microcode 156 to process a display list 110 (e.g., to perform the type of process shown in 
Figure 1 9). Signal processor 400 gets the next display list command and determines 
what kind of a command it is (Figure 20, block 622). Display lists commands in this 
example generally have five different types: 
Signal processor attribute command 

• Display processor command 
Matrix command 

Vertex command 
Triangle command 
Flow control command 

If the display list command is a signal processor attribute command, signal 
processor 400 sets signal processor attributes as specified by the command (Figure 20, 
block 624). In this example, the following types of SP attribute command are defined: 

• shading 

• lighting 
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• Z-buffering 

• texturing 

• fogging 

• culling. 

The following are example SP attribute command formats and associated 
definitions: 



[SIGNAL PROCESSOR ATTRIBUTE COMMANDS] 
G SETGEOMETRYMODE: 



command 






command 



This command "sets" some of the rendering pipeline state. This state is 
maintained in the signal processor 400, and a SET/CLEAR interface is presented to the 
user. 

Bits which are "on" In the command field are turned QJA in the internal state. 
G_SHADE Enable vertex shading or use primitive color to paint the 

polygon (default is vertex shading). 

GJJGHTING Enable lighting calculations. 

G_SHADlNG_SMOOTH Enable smooth or flat shading (the default, with this bit 

cleared is flat shading). 

G_ZBUFFER Enable z-buffer depth calculations. 

G TEXTURE GEN Enable automatic generation of the texture 

coordinates S & T. After transformations, a 
spherical mapping will be used to replace any S 
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& T value originally given with the vertex. 



G FOG 



Enable fog coefficient to be generated and replace the 
vertex alpha. Large alphas are more foggy (farther). 



G TEXTURE_GEN_LINEAR 



Enable linearization of the texture coordinates 
generated when G_TEXTURE_GEN is set For 
example, this allows the use of a panoramic 
texture map when performing environment 
mapping. 



G LOD 



Enable generation level of detail (LOD) value for 
mipmapped textures and texture-edge mode. 



G_CULL_FRONT 



Cull the front-facing polygons. 



G_CULL_BACK 



Cull the back-facing polygons. 



G_CLEARGEOMETRY MODE: 

Same as G_SETGEOMETRYMODE, but this command "clears" some of it 
rendering pipeline state (bits which are "on" in the command field are turned QEE 
internal state). 



G LIGHT: 



Command ' 


param 


length = 16 




seg 


address 



mm&%= poos _g _8 
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light, r 


lightg 


light.b 


0x00 


light.r 


Iight.g 


light.b 


0x00 


Iight.x 


light.y 


light.z 


0x00 



This command passes a light to the rendering pipeline. There can be up to 7 
directional lights (numbered 1 -7) plus an ambient light. The param specifies which light 
number (n) to replace with this light description. Use the G_NUM_LIGHTS command to 
specify how many of the 8 lights to use. If the number of lights specified is N, then the 
first N lights (1 -N) will be the ones used, and the Nth+1 lights will be the ambient light. 
The "param" field should be set based on a value maintained In data memory 
404+ (n-1) x2. 

The ambient light is defined by a color light.r, lightg, light.b (unsigned 8 bit 
integers) which should be set to the color of the ambient light multiplied by the color of the 
object which is to be drawn (If you are lighting a texture mapped object just use the color 
of the ambient light). (For ambient lights the Iight.x, light.y, and llght.z fields are ignored). 
The ambient light cannot be turned off except by specifying a color of black in this 
example. 

Directional lights are specified by a color: light.r. Iight.g. Hght.b (unsigned 8 bit 
integers) which, like the ambient light color, should be set to the color of the light source 
multiplied times the color of the object which is to be drawn. Directional Hghts also have a 
direction. The lightx, lighty, lightz fields (signed 8 bit fractions with 7 bits of fraction) 
indicates the direction from the object to light. There must be at least one directional light 
(if GJJGHTING is enabled in G_SETGEOMETRYMODE command) turned on, but if its 
color is black it will have no effect on the scene. 

The G_NUM_LIGHTS command should always be used sometime after GJJGHT 
command(s) before the next G_VTX command even if the number of lights has not 
changed. 
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G_N UM_UG HTS : 



Command 


param 


length=8 




seg 


address 



-1 



0x8000 


32x(1+N) 


0x00000000 



N = number of diffuse light sources (1-7). 

This command specifies how many lights should be used. It should always be 
used after the GJLIGHT command before the next G_VTX command. The parameter 
specifies the number of diffuse light sources (N) which must be at least 1 and not more 
than 7. The ambient light source will be light number N+1 and the directional light 
sources will be lights numbered 1 through N. 



G_SETOTHERMODE_H: 



command 




shift 


len 


word 



This command sets the high word of the "other 0 modes in the display processor, 
including blending, texturing, and frame buffer parameters. The signal processor 400 
remembers the high and low words of the display processor 500 "other" state, in order to 
present a simple set-command interface. Although this is a display processor command, 
it must be parsed and interpreted by the signal processor 400 and therefore cannot be 
sent directly to the display processor without first going through the signal processor. 

The shift and len parameters in this command are used to construct a mask: 
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(({0x01 « len) -1) « shift) 
This mask is used to clear those bits in the display processor 500 status word. New bits, 
from the word parameter are OR'd into the status word, {the parameter word must be pre- 
shifted). 

G_SETOTHERMODE_L 

Same as G_SETOTHERMODE_H, but affects the low word of the "other" modes 
on the display processor 500. 



GJTEXTURE: 



command 




s scale 


t scale 


mipmap 


tile 


on 






level 


num 





This command turns texture mapping ON/OFF, provides texture coordinate 
scaling, and selects the tile number (within a tiled texture). Scale parameters are in the 
format of (.16) and scale the texture parameters in vertex commands. Texture on/off 
turns on and off the texture coordinate processing in the geometry pipeline. Tile number 
corresponds to tiles chosen in the raster portion of the pipeline. The tile num also holds 
the maximum levels for level of detail (LOD) (mid-mapping). 
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Command 


param 


length=16 i 




seg 


address 



0x00000000 



0x00000000 



0x00 



This command is used for automatic texture coordinate generation. It is used to 
describe the orientation of the eye so that the signal processor 400 knows with respect to 
what to generate texture coordinates. The XYZ values (8 bit signed fractions with 7 bits 
of fraction) describe a vector in worldspace (the space between the MODELVIEW matrix 
and the PROJECTION matrix) which is perpendicular to the viewer's viewing direction and 
pointing towards the viewer's right. 



G_LOOKATY: 

Same as G_LOOKAT_X, but the first zero words in the addressed segment are 
zero (0x00000000). 



[DP Command Generation] 

Referring back to Figure 20, if the next display list command is one intended for 
display processor 500, signal processor 400 simply writes the command to the display 
processor (block 626 ol Figure 20). Block 626 can either DMA the display processor 
command into display processor 500 via the X-bus 218. or it can deposit the display 
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processor command in a buffer within main memory 300 for access by the display 
processor. 

[MATRIX COMMANDS] 

If the next display list command is a matrix command, signal processor 400 
updates the state of the current matrix it is using (Figure 20. block 628) and places the 
updated matrix on the matrix stack (block 630). As mentioned above, in this example 
^ signal processor 400 maintains a 1 0-deep modeling/viewing matrix stack. New matrices 
can be loaded onto the stack, multiplied (concatenated) with the top of the stack, or 
popped off of the stack. In this example, signal processor 400 maintains a "one-deep- 
projection matrix. Therefore, new matrices can be loaded onto or multiplied with the 
current projection matrix, but cannot be pushed or popped. 

in this example, the modeling/viewing matrix stack resides in main memory 300. 
The video game program 1 08 must allocate enough memory for this stack and provide a 
pointer to the stack area in task list 250. The format of the matrix is optimized for the 
signal processor's vector unit 420. To provide adequate resolution, signal processor 400 
in this example represents each matrix value in 32-bit "double precision"— with an upper 
16 bit signed integer portion (indicating the part of the value greater than 1) and a lower 
16-bit fractional portion (indicating the part of the value between 0 and 1). However, 
vector unit 420 in this example operates on 16-bit wide values and cannot directly multiply 
32-bit wide values. The matrix format (which is shown in Figure 21 (b)) groups all of the 
integer parts of the elements, followed by all of the fractional parts of the elements. It 
allows signal processor 400 to more efficiently manipulate the matrix by multiplying 16 bit 
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integer parts and 16 bit fractional parts separately without have to repeatedly "unpack" or 
"pack* the matrix. 

For example, vector unit 420 can multiply each of the 1 5-bit fixed point signed 
integer values In a matrix row in one operation, it can multiply each of the 16-bit fractional 
portions of the same row in another operation. These two partial results can be added 
together to obtain a 32-bit double precision value, or they can be used separately (e.g., 
for operations that require only the integer part of the result or only the fractional part of 
^ the result). Thus, matrix representations thus allows signal processor 400 to efficiently 
process 32-bit precision values even though vector unit 420 in this example, operates on 
16-bit values and as no explicit "double precision" capability. 

The following are example signal processor matrix commands and associated 
formats: 



[Example Matrix Commands] 



Command 


param 


length 




seg 


address 



mOO int I 


mOO f rac 


mlOint 


mIOfrac 







The matrix command points to a 4x4 transformation matrix (See Figure 21 (b)) that will be 
used to transform the subsequent geometry, in a manner controlled by the flags in the 
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parameter field. The length is the size of the incoming matrix in bytes. A 4x4 matrix 
pointed to by this command has the following format: It Is a contiguous block of memory, 
containing the 1 6 elements of the matrix in ROW MAJOR order. Each element of the 
matrix is in a fixed point format, 81 5.1 6. The length of a 4 x 4 matrix in bytes should be 
64 bytes. The segment id and address field are used to construct the main memory 300 
address of the actual matrix, (see G_SEGMENT SP command for more information). 
The following flags in the parameter field are used: 

G MTX MODELVIEW Identifies the incoming matrix as a modelview matrix, 

which is necessary to provide efficient transformation of 
polygon normals for shading, etc. (default) 

G MTX PROJECTION Identifies the incoming matrix as a projection matrix, 

which does not affect the transformation of the polygon 
normals for shading, etc. 

G MTX_MUL The incoming matrix is concatenated with the current 

top of the matrix stack, (default) 

G MTX LOAD The incoming matrix replaces the current top of the 

(modelview or projection) matrix stack. 



G_MTX_NOPUSH 



The current top of the matrix stack is not pushed prior 
to performing the load or concat operation with the top 
of the stack, (default) 
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G MTX PUSH 



The current top of the matrix stack is pushed prior to 



performing the load or concat operation with the top of 



the stack. Push is only supported with 



GJMTXJViODELVIEW, and not with 



G_MTX_PROJECTION.--Since there is no projection 



matrix stack (the projection must be explicitly reloaded) 



This single command with the combination of parameters allows for a variety of 
commonly used matrix operations. For example, (G_MTX_LOAD | G_MTX_NOPUSH) 
replaces the top of the stack. (G_MTX_MUL | G_MTX_PUSH) performs a concatenation 
while pushing the stack for typical modeling hierarchy construction. 

For lighting and texturing, the polygon normal also must be transformed by the 
inverse transpose of the modelview matrix (reference the "OpenGL Programming 
Guide"). This is the reason separate modelview and projection stacks are kept, and 
incoming matrices must be identified. 



This command pops the modelview matrix stack. The parameter field should be 0. 
Popping an empty stack results in...(doesn1 pop). Since there is no projection matrix 
stack, this command is supported only for the modelview matrix. 



qjPQPM TX: 



command 



param 
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Command 


param 


length=16 




seg 


address 



x scale 


y scale 


z scale 


pad 


x translate 


y translate 


z translate 


pad 



This command sends a viewport structure to the graphics pipeline. 
The segment id and address field are used to construct the main memory 300 
address of the actual VIEWPORT structure (see G SEGMENT for more information). 

The viewport transformation is a scale-translation of the normalized screen 
coordinates. In general, the viewport must be constructed in cooperation with the 
projection matrix in order to meet the hardware requirements for screen device 
coordinates. 

The scale and translation terms for x and y have 2 bits of fraction, necessary to 
accommodate the sub-pixel positioning in the hardware. The z values have no fraction. 

Accounting for the fractional bits, using one of the default projection matrices, the 
viewport structure can be initialized like this: 

(SCREEN_WD/2*4, (SCRE EN_HT/2) * 4, G_MAXZ, 0, /* scale */ 

(SCREEN_WD/2*4, (SCREEN JHT/2) * 4, 0, 0. /* translate */ 



(Vertex Command Processing] 
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Referring once again to Figure 20, if the next display list command Is a 'Vert x 
command", signal processor 400 transforms the vertices specified by the vertex 
command by the current matrix state and possibly shaded by the current lighting state, 
performs a clip test on the vertices, and loads the resulting vertices into a vertex buffer 
408 within data memory 404. Signal processor 400 in this example has a vertex buffer 
that holds up to sixteen vertices. Figure 22(a) shows the signal processor 400 vertex 
buffer, which is fully exposed to main processor 1 00 and thus to video game program 
108. This internal vertex buffer 404, which can hold up to 1 6 points, is stored in signal 
processor data memory 404 and can be read by main processor 100. 

Although signal processor 400 in this example, can handle only lines, triangles or 
rectangles (Le., surfaces defined by 2, 3, or 4 vertices), vertex buffer 408 in this example, 
stores up to 1 6 vertices so that the signal processor can re-use transformed vertex values 
instead of having to recalculate the vertices each time. 3D authoring/modeling software 
used to create video game program 1 08, in this example, should preferably organize 
display list 1 1 0 to maximize vertex re-use (and thus speed performance). 

Figure 22(b) shows an example vertex data structure signal processor 400 uses to 
represent each of the vertices stored in vertex buffer 408. In this example, the 
transformed x, y, z, and w, values corresponding to the vertex are stored in double 
precision format, with the integer parts first followed by the fractional parts (fields 408 
(l)(a)-408 (1)(h)). With vertex color (r, g, b, a) are stored in fields 408(1 )(I)-408(1)(I), and 
vertex texture coordinates (s, t) are stored in fields 408(1)(m). 408(1)(n). Additionally, 
from this example, the vertex values in screen space coordinates (i.e.. transformed and 
projected onto the viewing plane) are stored in fields 408(1)(o)-408(1)(t) (with the one/w 
value stored in double precision format). The screen coordinates are used by display 
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processor 500 to draw polygons defined by the vertex. The transformed 3-dimensional 
coordinates are maintained in vertex buffer 408 for a clipping test. Since polygons (not 
vertices) are clipped, and since the vertices in vertex buffer 408 may be re-used for 
multiple polygons, these transformed 3D vertex values are stored for multiple possible 
clipping test to be performed. In addition, the vertex data structure 408(1) includes flags 
408(1 )(v) that signal processor 400 can use, for example, to specify clip test results (i.e., 
whether the vertex falls inside or outside of each of six different clip planes). The 
perspective projection factor stored in fields 408(1)(s), 408(1)(t) is retained for perspective 
correction operations performed by the display processor texture coordinate unit (explain 
below). 



The following is an example of a vertex command format used to load the internal 
vertex buffer with some points: 
QJ€DL 



Command 


n 


. vO 


length 




seg 


address 



l 



X 


y 


2 


flag 


s 


t 


r or nx g or ny 


b or nz a 
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This command loads (n+1) points into the vector buffer beginning at location vO in 
the vertex buffer. The segment id and address field are used to construct the main 
memory 300 address of the actual VTX structure, (see G_SEGMENT for more 
information). The number of vertices n, is encoded as "the number minus one", in order 
to allow a full 1 6 vertices to be represented in 4 bits. The length is the number of points 
times 16, the size of the VTX structure (in bytes). Vertex coordinates are 16-bit integers, 
the texture coordinates s and t are S1 0.5. The flag parameter is ignored in this example. 
A vertex either has a color or a normal (for shading). Colors are 8 bit unsigned numbers. 
Normals are 8 bit signed fractions (7 bits of fraction). (0x7f maps to +1 .0, 0x81 maps to 
-1 .0, and 0x0 maps to 0.0). Normal vectors must be normalized, i.e., 

Upon receiving a vertex command, signal processor 400 transforms the vertices 
specified in the vertex command using the current modeling/viewing matrix (Figure 20, 
block 632). See Neider ef al, Open GL Programming Guide (Silicon Graphics 1993) at 
chapter 3 ("viewing"). These transformations orient the object represented by the vertices 
in 3-dimensional space relative to the selected view point. For example, they may 
translate, rotate and/or scale the represented object relative to a selected point of view. 
Such transformation calculations make heavy use of the signal processor vector unit 420 
and Its ability to perform eight parallel calculations simultaneously. The transformed 
results are stored in vertex data structure fields 408(1 )(a)-408(1)(h) In double precision 
format in this example. 

[Clip Test] 
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Signal processor 400 then performs a clip test (Figure 20. block 636) to determine 
whether the transformed vertex is inside or outside of the scene. Six clipping planes 
define the sides and ends of the viewing volume. Each transformed vertex is compared 
to each of these six planes, and the results of the comparison (i.e., on which side of the 
clip plane the vertex is located) are stored in vertex buffer "flags" field 408{v) (see Figure 
22(b)). These results are used by clipping block 646 in response to a "triangle command" 
(see below). Note that because this example clips polygons and not vertices, Figure 20 
block 636 does not actually perform clipping, it simply tests vertex position relative to the 
clip planes. 

[Projection] 

Signal processor 400 then transforms the vertex values using the projection matrix 
(Figure 20, block 638). The purpose of the projection transformation is to define a 
viewing volume, which is used in two ways. The viewing volume determines how an 
object is projected onto the 2-dimensional viewing screen (that is, by using a perspective 
or an orthographic projection). (See Open GL Programming Guide at 90 etseq.) The 
resulting transformed vertices have now been projected from 3-dimensional space onto 
the 2-dimensional viewing plane with the proper for shortening (if the projection matrix 
defines a perspective projection) or orthographically (if the projection matrix defines an 
orthographic projection). These screen coordinates values are also written to the vertex 
buffer data structure at fields 408(1)(o)-4O8(1)t) (the"1/w w value is retained for later 
perspective correction). 



(Lighting] 
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Signal processor 400 next performs lighting calculations in order to "light" each of 
the vertices specified In the vertex command. System 50 supports a number of 
sophisticated real-time lighting effects, including ambient (uniform) lighting, diffuse 
(directional) lights, and specular highlights (using texture mapping). In order to perform 
lighting calculations in this example, signal processor 400 must first load an SP 
microcode 108 overlay to perform the lighting calculations. The 
G_SETGEOMETRYMODE command must have specified that lighting calculations are 
enabled, and the lights must have been defined by the G_NUM_LIGHTS command 
discussed above. The part of microcode 108 that performs the lighting calculations is not 
normally resident wrthin signal processor 400, but is brought in through an overlay when 
lighting calls are made. This has performance implications for rendering scenes with 
some objects lighted and others colored statically. In this example, the lighting overlay 
overwrites the clipping microcode, so to achieve highest performance it is best to 
minimize or completely avoid clipped objects in lighted scenes. 

To light an object, the vertices which make up the objects must have normals 
instead of colors specified. In this example, the normal consists of three signed 8-bit 
numbers representing the x, y and z components of the normal (see the G_VTX 
command format described above). Each component ranges in value from 
-128 to +127 in this example. The x component goes in the position of the red color of 
the vertex, the y into the green and the z into the blue. Alpha remains unchanged. The 
normal vector must be normalized, as discussed above. 

Lighting can help achieve the effect of depth by altering the way objects appear as 
they change their orientation. Signal processor 400 in this exampte supports up to seven 
dtffused lights in a scene. Each light has a direction and a color. Regardless of the 
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orientation of the object and the viewer, each light will continue to shine in the same 
direction (relative to the open "world") until the light direction is changed. In addition, one 
ambient light provides uniform illumination. Shadows are not explicitly supported by 
signal processor 400 in this example. 

As explained above, lighting information is passed to signal processor 400 in light 
data structures. The number of diffuse lights can vary from 0 to 7. Variables with red, 
green and blue values represent the color of the light and take on values ranging from 0 
to 255. The variables with the x, y, z suffixes represent the direction of the light. The 
convention is that the direction points toward the light. This means the light direction 
indicates the direction to the light and not the direction that the light is shining (for 
example, if the light is coming from the upper left of the world the direction might be 
x = -141, y = -141, z = 0). To avoid any ambient light, the programmer must specify the 
ambient light is black (0, 0, 0,). 

The G_ light command is used to activate a set of lights on a display list. Once 
lights are activated, they remain on until the next set of lights Is activated. This implies 
that setting up a new structure of lights overwrites the old structure of lights in signal 
processor 400. To turn on the lighting computation so that the lights can take effect, the 
lighting mode bit needs to be turned on using the G_SETG EO M ETRYM O DE command. 

The lighting structures discussed above are used to provide color values for storing 
into vertex buffer fields 408(1 )(i)-408(1)(l). 

[Texture Coordinate Scaling/Creation] 

Signal processor 400 next performs texture coordinate scaling and/or creation 
(Figure 20, block 642). In this example, the operations performed by block 642 may be 
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used to accomplish specular highlighting, reflection mapping and environment mapping. 

To render these effects, coprocessor 200 in this example uses a texture map of an 
image of the light or environment, and computes the texture coordinates s,t based on fhe 
angle from the viewpoint to the surface normal. This texture mapping technique avoids 
the need to calculate surface normals at each pixel to accomplish specular lighting, it 
would be too computationally Intensive for system 50 in this example to perform such 
surface normal calculations at each pixel. 

The specular highlight from most lights can be represented by a texture map 
defining a round dot with an exponential or Gaussian function representing the intensity 
distribution. If the scene contains highlights from other, oddly shaped lights such as 
fluorescent tubes or glowing swords, the difficulty in rendering is no greater provided a 
texture map of the highlight can be obtained. 

Although display processor 500 performs texture mapping operations in this 
example, signal processor 400 performs texture coordinate transformations for each 
vertex when these effects are required. Activation or de-activatlon of the signal processor 
texture coordinate transformations Is specified by a value within the 
G_SETG EO METRYMODE Command (see above). In addition, the 
G_SETGEOMETRYMODE Command can specify linearization of the generated textured 
coordinates, e.g., to allow use of a panoramic texture map when performing environment 
mapping. 

In this example, signal processor 400 texture coordinate generation utilizes the 
projection of the vertex normals in the x and y directions in screen space to derive the s 
and t indices respectively for referencing the texture. The angle between the viewpoint 
and the surface normal at each vertex is used to generate s, t. The normal projections 
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are scaled to obtain the actual s and t values in this example. Signal processor 400 may 
map the vertices "behind" the point of view into 0, and may map positive projections into 
a scaled value. 

In this example, texturing is activated using the GJTEXTURE command described 
above in the signal processor attribute command section. This command provides, 
among other things, scaling values for performing the texture coordinate mapping 
described above. 

As explained above, the texture coordinate mapping performed by signal 
processor 400, in this example, also requires information specifying the orientation of the 
eye so that the angle between the vertex surface normal and the eye can be computed. 
The G_LOOKAT_X and the G_LOOKAT_Y commands supply the eye orientation for 
automatic texture coordinate generation performed by signal processor 400. The 
transformed texture coordinate values, if they are calculated, are stored by signal 
processor 400 in the vertex data structure at fields 408{1)(m), 408(1)(n). These texture 
coordinate values are provided to display processor 500 to perform acquired texture 
mapping using a texture specified by the G_TEXTURE command. 

Since these effects use texture mapping, they cannot be used with objects which 
are otherwise texture mapped. . 



[Vertex Buffer Write] 

After performing all of these various steps, signal processor 400 writes the 
transformed, lighted, projected vertex values into vertex buffer 408 (Figure 20, block 644), 
and returns to parse the next display list command (block 622). 
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[Triangle Command Processing] 

Once signal processor 400 has written vertices into its vertex buffer 408, the 
display list 1 10 can provide a "triangle command". The "triangle command " which 
specifies a polygon defined by vertices in vertex buffer 408, is essentially a request for 
signal processor 400 to generate a graphics display command representing a polygon 
and to send that command to display processor 500 for rendering. In this example, signal 
processor 400 can render three different kinds of primitives: lines, triangles and 
rectangles. Different modules of microcode 108 need to be loaded in this example to 
render lines or triangles. In this example, all rectangles are 2-dimensional primitives 
specified in screen-coordinates, and are neither clipped nor scissored. 

The following is an example of a format and associated function of triangle 
commands: 

Example of Triangle Commands 



The following command specifies a triangle defined by 3 vertices in the vertex 

buffer: 
G TRI1: 



command 






N 


vO 


V1 


v2 



This command results in one triangle, using the vertices v0. v1 , and v2 stored in 
the internal vertex buffer. The N field identifies which of the three vertices contains the 
normal of the face (for flat shading) or the color of the face (for flat shading). 

The following command is used to control signal processor 400 to generate display 
processor 500 commands for rendering a line defined by two vertices in vertex buffer 408: 
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command 






N 


vO 


v1 





This command generates one line, using the vertices vO and v1 in the internal 
vertex buffer. The N field specifies which of the two vertices contain the color of the face 
(for flat shading). 

Textured and filled rectangles require intervention by signal processor 400 and are 
thus a signal processor operation. The following is an example command format and 
associated function of a texture rectangle command: 



GJTEXRECT 



command 


xO 


yO 




X1 


yi 



command 


0x000000 


S (top left texture coord) 


T(top left texture coord) 



command 


0x000000 


DsDx 


DtDy 
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These 3 commands draw a 2D rectangle with the current t xture. The parameters 
xO, yO specify the upper left corner of the rectangle; x1 , y1 are the lower right corners. All 
coordinates are 12 bits. S and T are signed 10.5 bit numbers, and specify the upper left 
coordinate of s, t. DsDx and DtDy are signed 5.1 0 bit numbers, and specify change in s 
(t) per change in x (y) coordinate. 

Signal processor 400 also in this example supports a G_TEXRECT_FLI P 
command that is identical to the GTEXRECT command except that the texture is flipped 
so that the s coordinate changes in the y direction and the t coordinate changes in the x 
direction. 



G FILLRECT: 



command 


xO 


yO 




x1 


yi 



This command draws a 2D rectangle in the current fill color. The parameters xO, 
yO specify the upper left corner of the rectangle; x1 , y 1 are the lower right corners. All 
coordinates are 12 bits. 



[Clipping/Setup] 

Referring back to Figure 20, upon receipt of a triangle command, signal processor 
400 performs any necessary clipping of the vertices (Figure 20, block 646): This clipping 
operation eliminates portions of geometric primitives that lie outside of the six clipped 
planes defining the view plane. 

As explained above, the results of the clip test 636 performed for each vertex are 
stored and available in vertex buffer 408. With the triangle command now defining a 
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primitive defined by those vertices, signal processor 400 can proceed to clip the primitive, 
if all of the vertices of a primitive lay within the space defined by the six clip planes, the 
entire primitive exists within the display space and does not need to be clipped. If all of 
the vertices defining a primitive lay outside of the same clip plane (as Indicated by the 
flags field of vertex data structure 408(1) shown in Figure 22(b)), the entire primitive can 
be excluded from display and thus discarded. If some of the vertices defining a primitive 
lie within the display space and some lay outside of it (or if all vertices lay outside of the 
display space but define a primitive which passes through the displayed space), the 
primitive needs to be clipped and new vertices defined. These tests and operations are 
performed by clipping block 646 in this example. 

Signal processor 400 next performs backface culling (Figure 20, block 647). This 
operation maximizes drawing speed by discarding polygons that can be determined to be 
on the backface of an object and thus hidden from view. In this example, either front- 
facing, back-facing, neither or both types of primitives can be culled (i.e., discarded) by 
block 647. The types of primitives to cull are specified by parameters in the 
G_SETGEOMETRYMODE command described above-allowing geometry to be ordered 
in any direction or where used with different culling flags to achieve various effects (e.g , 
interior surfaces, two-sided polygons, etc.). 

Signal processor 400 also performs some set up operations (Figure 20, block 648), 
and may then pass a graphics display command to display processor 500 to control the 
display processor to render the primitive (Figure 20, block 650). As part of the set up 
operation (block 648), signal processor 400 in this example translates "segmented" 
addresses in the display list 1 1 0 into physical addresses that the display processor 500 
can use (the display processor is a physical address machine in this example). 
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In this example, signal processor 400 uses a segment table 41 6 (see Figure 23) to 
assist it in addressing main memory 300. More specifically, addresses within signal 
processor 400 may be represented by a table entry 41 7A and a 26-bit offset 41 7B. The 
table entry 41 7A references one ol 16 base addresses within segment address table 416. 
The referenced base address may be added to the offset 41 7b to generate a physical 
address into main memory 300. Signal processor 400 constructs a main memory 300 
address by adding the base address for the segment and a 26-bit offset (which could be 
provided, for example, by a display list 1 1 0). The segment table 41 6 is constructed based 
on the following example G_SEGMEMT command: 



Q SEGMENT 



command 






seg 


address 



This command adds an entry in the segment table 416 discussed above. 

The segmented addressing used by signal processor 400 in this example can be 
useful to facilitate double-buffered animation. For example, video game program 108 can 
keep two copies of certain display list fragments within main memory 300, with the same 
offsets in two different segments. Switching copies of them is as easy as swapping the 
segment pointers in signal processor 400. Another use is to group data and textures in 
one segment and to group static background geometry in another segment. Grouping 
data might help optimize memory caching in main processor 1 00. All data which contains 
embedded addresses must be preceded by the appropriate G_SEGMENT command that 
loads the signal processor 400 segment table with the proper base address. 
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Although signal processor 400 can use the segment addressing scheme shown in 
Figure 23, this arrangement is not available to display processor 500 in this example. 
Hence, part of set up processing 648 is to translate any segment addresses that point to 
data structures required for rendering into physical addresses that can be used directly by 
display processor 500. 

[DP Command Write] 

The primary output of signal processor 400 for graphics purposes is one or more 
commands to display processor 500 that are outputted by Figure 20, block 650. Although 
main processor 100 (or storage device 54) can directly supply display processor 500 
commands, for 3D images the signal processor 400 generally needs to perform the 
transformation processes described above to generate display processor commands 
representing transformed, projected lighted, clipped, culled primitives. 

The repertoire of display processor commands are shown in Figures 65-102. 
Signal processor 400 is responsible for formatting appropriately the display processor 
commands it generates, and for including the appropriate information and address 
information in the commands. In addition, signal processor 400 may generate and 
provide certain appropriate mode and attribute commands the display processor may 
require to render a particular primitive specified by the signal processor using the 
appropriate parameters (although many of the mode and attribute commands for the 
display processor 500 are typically supplied directly by main processor 100 under control 
of game program 108). As mentioned above, main processor 100 can provide any 
display processor 500 directly, but in general, needs to rely on the signal processor to 
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generate at least some display processor commands whenever 3D objects need to be 
transformed. 

[How Control Command Processing] 

Referring once again to Figure 20, if the display list command received by signal 
processor 400 is a flow control command, then signal processor 400 will respond to this 
command in an appropriate manner to navigate through or traverse the display list 1 1 0. 
The following example commands and formats provide flow control. 
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G DL: 



Command 


param 


(not used) 




seg 


address 



1 



o 
o 
o 



This command points to another display list and is used to create display list 
hierarchies, nested display lists, indirect references, etc. The segment field identifies a 
memory segment. The address field is the offset from the base of that segment. 
Together, these form an address in main memory 300 pointing to the new display list. A 
length field (not shown) may describe the length of the new display list in bytes— although 
in this example it is preferred that all display lists are terminated by a G_ENDDL 
command. The parameter field holds flags which control the behavior of the transfer. If 
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the flag G_DL_NOPUSH is s t, the current display list is not pushed onto the stack before 
transferring control. This behaves more like a branch or go to, rather than a hierarchial 
display list (this may be useful to break up a larger display list into non-contiguous 
memory pieces, then just connect them with display fist branches). 



G ENDDL: 



command 







The end display list command terminates this branch of the display list hierarchy, 
causing a "pop" in the processing of the display list hierarchy. This command is most 
useful for constructing display list pieces of variable or unknown size, terminated with an 
end command instead of providing a display list length a priori. All display lists must 
terminate with this command. 



G NOOP: 



command 

















This command does nothing. It is generated internally under some circumstances. 

Figure 20, block 652 performs the function of maintaining a display list stack in 
main memory 300 and, pushing and nooping (traversing) this display list stack. Block 652 
halts signal processor 400 when the signal processor encounters an "open end" display 
list command. 
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[SIGNAL PROCESSOR MICROCODE AUDIO PROCESSING] 

Signal processor 400 in this example performs digital audio processing in addition 
to the graphics processing discussed above. Signal processor vector unit 420 is 
especially suited for performing 'sum of products" calculations that are especially useful 
in certain types of digital signal processing for audio signals such as, for example, audio 
decompression, wavetable resampling, synthesis and filtering. Digital spatial and/or 
frequency filtering with a relatively large number of taps can be accommodated without 
loss of precision because of the 48-bit-wide accumulators contained with vector unit data 
paths 423. As one example of a particular optimum usage of vector unit 420 for audio 
processing, the eight separate register files 422 and associated data paths 423 of signal 
processor vector unit 420 can be used to simultaneously process eight different MIDI 
voices in parallel. The following are examples of additional audio processing that can be 
efficiently performed using vector unit 420: 
o solving polynomial equations, 

processing 8 audio voices or 8 time samples in parallel, 

wavetable synthesis using cubic interpolation, wherein four of the vector unit data 
paths 423 are used to process one sample, and the other four vector unit data 
paths are used to process a second sample, 

audio enveloping processing wherein the 8 vector unit data paths can each 
multiply a different audio sample by a different weighting factor, and 
audio mixing processing wherein the 8 vector unit data paths can each multiply a 
different audio sample by a corresponding mixer weighting factor. 
Because signal processor 400 can perform audio digital signal processing 
efficiently at high speed, it takes the signal processor only a small fraction of an audio 
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playback real time interval to perform and complete the digital audio processing 
associated with that time interval. For example, signal processor 400 takes much less 
than 1 /30th of a second to digitally process audio that coprocessor audio interface 208 
will playback in real time over a 1/30th of a second time interval. Because of this 
capability, signal processor 400 in this example can be time-shared between graphics 
processing and digital audio processing. 

Generally, main processor 100 gives signal processor 400 a task list 250 at the 
beginning of a video frame that specifies the image and sound to be produced during the 
next succeeding video frame. Coprocessor 200 must be finished with both the audio and 
graphics processing for this next succeeding frame by the time that next succeeding 
frame begins. Because video display and audio playback is a real time continuous 
process (i.e., a new video image must be provided each video frame time, and audio 
must be continuously provided), coprocessor 200 needs to finish all audio and video 
signal processing associated with each next succeeding video frame by the time that next 
frame begins. 

In this example, signal processor 400 is shared between graphics processing and 
digital audio signal processing. Because of the high speed calculating capabilities of 
signal processor vector unit 420, signal processor 400 is able to complete processing of 
the audio to be played during the next succeeding video frame in much less than the 
current video frame time, and is also able to complete graphics processing for the image 
to be displayed during the next succeeding image in less than the current frame time. 
This allows task list 250 to specify both graphics display lists and audio play lists that all 
must be completed by signal processor 400/coprocessor 200 by the beginning of the next 
video frame time. However, in this example there is nothing to prevent main processor 
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1 00 from giving coprocessor 200 a task list 250 that the coprocessor cannot complete 
before the next video frame begins. If the combined audio and graphics processing 
required by signal processor 400 is sufficiently intensive and time-consuming, the signal 
processor 400 can work on processing the task list for the entire current video frame time 
and still not be done by the beginning of the next video frame. It is up to video game 
program 108 to avoid overtaxing coprocessor 200, and to handle any overtaxing in an 
appropriate manner should it oocur. A video game programmer can avoid overtaxing 
signal processor 400 by ensuring that all display lists 110 are organized efficiently, 
modeling the objects in 3-D in an efficient manner, and taking precautions to ensure that 
extensive time consuming processing (e.g„ clipping) is avoided or minimized. Even with 
such precautions, however, it may take coprocessor 200 more than a single video frame 
time to complete especially complicated images. A video game programmer can handle 
this situation by slowing down the effective frame rate so that television 58 redisplays the 
same image stored in one part of frame buffer 1 1 8 for multiple video frames during which 
time coprocessor 200 can complete processing the next image. Because the user may 
perceive a variable frame rate as undesired delay, It Is often best to slow down the overall 
effective frame rate to the rate required for coprocessor 200 to complete the most 
processing-intensive images—thus preventing more complex images from appearing 
more slowly than less complex images. 

With respect to audio processing, it is generally unacceptable to fail to provide 
audio for a given video frame time since the user will hearing a disturbing "click 9 in a 
stream of otherwise continuous audio. Such audio disruptions are easily heard and can 
be annoying. Therefore, they should be avoided. One way to avoid an easily detectable 
audio disruption in a situation where signal processor 400 has failed to complete its 
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assigned audio processing in time is for main processor 100 to command audio interface 
208 to replay the last frame's worth of audio during the next succeeding frame. 
Acceptable audio can be produced In this way without the user noticing a disruption H 
done carefully. Other strategies include having signal processor 400 process multiple 
video frames worth of audio within a single video frame time— thereby providing an 
effective audio "frame" rate that is different (faster) than the effective video frame rate. 
By "effective frame rate" we mean the rate at which coprocessor 20O produces a frame's 
^ worth of information (in this example, the television actual video frame rate stays 
constant). 

[Example Audio Software Architecture] 

Figure 24 shows an example of the overall software architecture provided by 
system 50 to synthesize and manipulate audio. This overall software architecture 700 
includes four software objects, in this example a sequence player 702, a sound player 
704, a synthesis driver 706 and audio synthesis microcode 708. In this example, 
sequence player 702, sound player 704, and synthesis driver 706 all execute on main 
processor 100, and audio synthesis microcode 708 runs on coprocessor signal processor 
400. Thus, sequence player 702, sound player 704 and synthesis driver 706 are each 
supplied as part of game program 108 of storage device 54, and audio synthesis 
microcode 708 is supplied as part of SP microcode 156. 

Sequence player 702, sound player 704 and synthesis driver 706 may differ 
depending on the particular video game being played. In general, sequence player 702 is 
responsible for the playback of Type 0 MIDI music sequence files. It handles sequence, 
instrument bank and synthesizer resource allocation, sequence interpretation, and MIDI 
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message scheduling. Sound player 704 is responsible for the playback of all ADPCM 
compressed audio samples, ft is useful for sound effects and other streamed audio. 
Synthesis driver 706 is responsible for creating audio play lists 1 1 0 which are packaged 
into tasks by main processor 1 00 under software control and passed to coprocessor 200 
in the form of task lists 250. In this example, synthesis driver 706 allows sound player 
704 or other "clients* to assign wave tables to synthesizer voices, and to control playback 
parameters. As discussed above, the audio synthesis microcode 708 processes tasks 
passed to it and synthesizes L/R stereo 1 6-bit samples, which signal processor 400 
deposits into audio buffers 114 within main memory 300 for playback via audio interface 
208, audio DAC140 and amplifier/mixer 1 42. 

In this example, synthesis driver 706 passes audio tasks to signal processor 400 in 
the form of audio "frames." A "frame" is a number of audio samples—usually something 
close to the number of samples required to fill a complete video frame time at the regular 
video frame rate (for example, 30 or 60 Hz). Although television set 58 receives and 
processes audio signals in a continuous stream unconstrained by any video frame rate 
parameter (e.g., the television can generate audio during horizontal and vertical video 
blanking and retrace), system 50 in this example organizes audio processing in terms of 
video frame rate because signal processor 400— which is shared between audio and 
graphics processing—must operate in accordance with the video frame rate because the 
graphics related tasks it performs are tied to the video frame rate. 

[Example Play List Processing] 

Figure 25 shows an example of a simple signal processor play list process. The 
Figure 25 process is specified by a play list 1 10 generated by main processor 100 under 
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control of video game program 108, and specified as part of a task list 250. Thus, the 
Figure 25 SP play list process is an example of an output of synthesis driver 706 that is 
provided to signal processor 400 in the form of an audio play list 1 10. 

Because of the limited size of instruction memory 402 in this example, audio 
synthesis microcode 708 is generally not continuously resident within signal processor 
400. Instead, the initialization microcode main processor 100 arranges to be loaded into 
instruction memory 402 (see Figure 18, block 604), ensures that the appropriate audio 
microcode routine is loaded into the instruction memory for audio processing (also 
ensures that the appropriate graphics microcode routine is loaded into the instruction 
memory for graphics processing). The steps shown in Figure 25 assume that the audio 
synthesis microcode 708 is resident within the signal processor instruction memory 402, 
and that the signal processor 400 is reading an audio play list 1 10 specifying the steps 
shown. 

Generally, the first task of an audio play list 1 10 is to set up buffers within signal 
processor data memory 408 required to perform the audio processing task (Figure 25, 
block 710). Generally, this buffer set up process involves allocating areas within data 
memory 404 to be used as one or more audio input buffers, and allocating an audio 
output buffer within the data memory. Generally, main processor 100 also commands 
signal processor 400 to use its DMA facility 454 to retrieve audio input data 1 1 2b from 
main memory into the allocated input buffer(s) for processing. Main processor 1 00 may 
next set certain attributes (e.g., volume ranges and change rates) to be used for the audio 
processing (Figure 25, block 71 2). Main processor 1 00 then specifies the types of signal 
processing to be performed by signal processor 400 along with appropriate parameters 
(Figure 25, block 71 4). In this example, main processor 1 00 can specify decompression, 
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resampling, envelope/pan, mixing, and other processing (e.g., reverb) to be performed 
individually or in combination. The audio play list 1 10 typically will terminate with a 
command to save the contents of the output audio buffer stored in signal processor data 
memory 404 into main memory 300 (block 716). 

[Example Audio Synthesis Microcode] 

Figure 26 shows the overall tasks performed by audio synthesis microcode 708 in 
this example. Signal processor 400 under microcode control retrieves the next play list 
command from the current audio play list 1 1 0. and determines what kind of command rt is 
(Figure 26, block 718). In this example, the audio command within an audio play list 1 1 0 
may fall into the following general types: 

• buffer command 

• flow control command 

• attribute command 

• decompress command 

• resample command 

• envelope/pan command 
■ mix command 

• special signal processing/effects command. 

[Buffer Command Processing] 

Buffer commands manage audio buffers within signal processor data memory 404, 
and permit audio data to be transferred between the data memory and main memory 300. 
The following are examples of buffer command formats and associated functions: 
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[Example Buffer Commands] 
A -S ETB IJ F F : 





command 




dmemin 






dmemout 


count 





This command sets the internal signal processor data memory 404 buffer pointers and 
count value used by the processing commands. This command is typically issued before 
any processing command, dmemin points to an input buffer, dmemout to an output buffer 
and count defines the number of 16 bit samples to process. 



A_ lOADBUFF : 





command 








seg 




address 





This command loads a signal processor data memory 404 buffer from the main memory 
300 address given by the seg+address fields. The SP data memory buffer location and 
the number of 16 bit samples to load are defined by issuing an A_SETBUFF command 
prior to the A_LOADBUFF command. 



A^C LEAR BUFF: 





command 




dmemin 








count 





This command clears an area of size count 1 6 bit samples starting at the signal processor 
400 data memory address given by dmem. 
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A SAVEBUFF : 





command 








seg 




address 





This command saves a buffer of 16 bit samples in the signal processor data memory 404 
to the main memory 300 address given by the seg+address field. The input SP data 
memory buffer and number of samples are defined by issuing a A_SETBUFF command. 



ASEGMENT : 





command 








seg 




address 





See graphics G-SEGMENT command. This command is used to map indirect "segment" 
addresses into main memory 300 physical addresses. 

Referring again to Figure 26, signal processor audio synthesis microcode 708 
performs the specified buffer command by establishing, managing, writing data into, or 
reading data from the associated data memory buffer 409 (Figure 26, block 720). 
Typically, signal processor 400 may use its DMA facility 454 to transfer data between 
main memory 300 and signal processor memory 404 in order to retrieve audio input data 
for processing or save audio data into main memory for playback by audio interface 208. 



[Row Control Command Processing! 

If the next play list command is a flow control command, signal processor 400 
responds to the command by traversing the current audio play list in the manner specified 
by the command. Nesting of audio play lists 1 1 0 is preferably permitted, and signal 
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processor 400 may maintain an audio play list stack in main memory 300 (just as it may 
do for graphics display lists). 



[Attribute Command Processing] 

If the next audio play list command is an attribute command, signal processor 400 
processes the command by establishing appropriate mode and/or attribute conditions to 
be used for subsequent audio processing (Figure 26, block 724). In this example, audio 
synthesis microcode 708 supports the following example attribute command format and 
associated function: 

[Example Attribute Commands] 
A^SETVQL: 





command 




volume 






volume target 


volume rate 





This command is used to set the volume parameters for subsequent processing 
commands. Currently this should be issued prior to A ENVELOPE, A_PAN and 
A_RESAMPLE. 

[Decompress Command Processing] 

If the next audio play list command retrieved by signal processor 400 is a 
decompression command, the signal processor performs a decompression operation to 
decompress a compressed audio binary stream stored in an input buffer within data 
memory 404 to produce 16-bit audio samples which it stores in a defined audio output 
buffer within its data memory (Figure 26, block 726). In this example, audio synthesis 
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microcode 708 supports the following audio decompression command format and 
associated function: 

[Example Decompression Command] 
A AD PCM: 





command 


flags 


gain 






seg 




address 





This command decompresses a binary stream in signal processor data memory 404 to 
produce 16 bit samples. The addresses in the data memory 404 for the input and output 
buffers and the number of samples to process are defined by issuing a ASETBUFF 
command prior to the A_ADPCM command. The seg+address field points to a main 
memory 300 location which is used to save and restore state. The gain parameter is 
used to scale the output and is represented as S.15. 

The flags define the behavior of the command. Currently defined flags are: 

AJNIT, The seg+address field is used to restore state at the beginning of the 
command. If not set the pointer to state is ignored upon initiation, 
however, state is saved to this address at the end of processing. 

A_MIX, The results are mixed into the output buffer. If not set results are put 
into the output buffer. 



[Resample Command Processing] 
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If the next audio play list command signal processor 400 reads is a resample 
command, then the signal processor provides pitch shifting/resampling as well as integral 
envelope modulation based on the parameters specified in the command (Figure 26, 
block 728). The following Is an example of a resample command and associated function 
supported by audio synthesis microcode 708. 

[Example Resample Command] 





command 


flags 


pitch 






seg 




address 





This command provides pitch shifting/resampling as well as integral envelope modulation. 
The signal processor data memory 404 input and output buffers and the number of 
samples are defined by issuing an A_SETBUFF command, and the volume envelope 
parameters are defined by issuing an A_SETVOL command. Resampling factor is 
defined by pitch. 

The flags define the behavior of the command. Currently defined flags are: 

AJNIT, The seg+address field field is used to restore state at the beginning 
of the command. If not set the pointer to state is ignored upon 
initiation, however, state is saved to this address at the end of 
processing. 
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A_MIX, The results are mixed into the output buffer, [f not set results are put 
into the output buffer. 

[Envelope/Pan Command Processing] 

If the next audio play list command signal processor 400 reads is an envelope/pan 
command, the signal processor performs that command by modulating one or two audio 
signal streams using a linear envelope (Figure 26, block 730). An envelope command 
multiplies an audio input sample stream by a linear function, and Is thus able to ramp the 
volume of the audio up or down. A "pan" command generally applies inverse linear 
functions to audio in left and right stereo channels— accomplishing the effect of moving 
tha perceived source of a sound or voice in space (i.e., from left to right or from right to 
left). The following examples of envelope/pan command formats and associated 
functions are supported by audio synthesis microcode 708 in this example of system 50. 

[Example Envelope/Pan Commands] 
AJ=NVElO P E : 





command 


flags 








seg 




address 





This command modulates a sample stream using a linear envelope. The parameters for 
the volume envelope are defined by issuing A_SETVOL and the signal processor data 
memory 404 buffer locations and number of samples to process are defined by issuing an 
A SETBUFF prior to issuing the A_ENVELOPE command. 

The flags define the behavior of the command. Currently defined flags are: 
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AJNIT, The seg+address field field is used to restore state at the beginning 
of the command. If not set the pointer to state is ignored upon 
initiation, however, state is saved to this address at the end of 
processing. 

AJWIX, The results are mixed into the output buffer. If not set results are put 
into the output buffer. 



AJ>AN 





command 


flags 


dmemout2 






seg 




address 





This command provides 1 input, 2 output panning. Input, first output and number of 
samples are defined by issuing an A_SETBUFF command and the panning parameters 
are defined by issuing an A_SETVOL command. The second output is defined by 

dmemout2. 

The Hags defined the behavior of the command. Currently defined flags are: 



The seg + address field field is used to restore state at the beginning 
of the command. If not set the pointer of state is ignored upon 
initiation, however, state is saved to this address at the end of 
processing. 

The results are mixed into the output buffer. If not set results are put 
into the output buffer. 

[Mixing Command Processing) 

If the next audio play list command Is a mixing command, signal processor 400 
performs a mixing function to mix two audio input sample streams into the output audio 
buffer (Figure 26, block 732). The following example mixing command format and 
associated function is supported by signal processor 400 and audio synthesis microcode 
708 in this example. 



AJNIT, 



A MIX, 
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[Example Mixer Command] 
A MIXER 





command 




gain 








dmemoutf 





This command provides a double precision mixing function. The single precision input is 
added to the double precision output after multiplication by gain, dmemoutf points to a 
signal processor data memory 404 area which stores the fractional part of the mixed 
stream. The input buffer, number of samples and integer part of the mixed output are 
defined by issuing an ASETBUFF prior to the A M IX. 



[Special Audio Effects Processing] 

If the next audio play list command is a special signal processing/effects 
command, signal processor 400 executes the command by providing the specified special 
effect or signal processing (Figure 26, block 734). An example special signal 
processing/effect is the addition of reverberation to create presence. This special effect 
simulates sound reflection in caves, concert halls, etc., and can also be used for various 
other special effects. Signal processor 400 and audio synthesis microcode 708 supports 
the following example reverberation special effects command format and associated 
function: 

[Example Effects Command] 
A^REVERB : 





command 


flags 








seg 




address 





This command applies the reverb special effect to a sample stream. Signal processor 
data memory 404 Input, output and number of samples are defined by issuing an 
A SETBUFF command. 
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The flags define the behavior of the command. Currently defined flags are: 

AJNIT, The seg+address field field is used to restore state at the beginning 
of the command. If not set the pointer to state is ignored upon 
initiation, however, state is saved to this address at the end of 
processing. 

A_MIX, The results are mixed into the output buffer, if not set results are put 
into the output buffer. 

[Audio Processing Structure] 

To accomplish each of audio processing functions 728, 730, 732, 734 in this 
example, audio synthesis microcode 708 uses a general purpose effects implementation 
that manipulates data in a single delay line. Figure 27 shows an example general 
purpose audio processing implementation 740. In this example, the audio input samples 
can be conceived of as being applied to the input of contiguous single delay line 742. 
The output tap of the delay line is applied through a gain 744 to the audio output buffer 
within signal processor data memory 404. Samples from another tap on delay line 742 
are passed through a summer 746 and returned to the delay line directly (over path 748) 
and also through a coefficient block 750, another summer 752 and a low pass filter 754. 
A further tap 756 from delay line 742 is connected to the other input of summer 752 and 
also to the other input of summer 746 (this time through a further coefficient block 758). 
This generalized implementation 740 allows a particular effect to be constructed by 
attaching an arbitrary number of effect primitives to single delay line 742. The 
parameters for each primitive in the effect are passed through via the commands 
discussed above. Each primitive consists of an all-pass with a variable length tap 
followed by a DC normalize (unity gain at DC) single poll low-pass filter 754 followed by 
an output gain 744 specifying how much of this primitive's output is to be contributed to 
the final effect output. The value of each of the parameters for a primitive specifies the 
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function of that primitive as a whole within tine effect. Note that in Figure 27, the feedback 
coefficient 758 can be used to construct an "all-pass inside a comb" reverb (in response 
to the a_jeverb command discussed above). 

Hie general nature of implementation 740 does not mean that all functions are 
implemented. Only those functions which are driven by legitimate parameters actually 
generate audio command operations by signal processor 400. This gives video game 
programmers a great degree of flexibility in defining an effect that is appropriate in terms 
of both sonic quality and efficiency. 

[COPROCESSOR DISPLAY PROCESSOR 500] 

Display processor 500 in this example rasterizes triangles and rectangles and 
produces high quality pixels that are textured, anti-aliased and z-buffered. Figure 28 
shows the overall processes performed by display processor 500. Display processor 500 
receives graphics display commands that, for example, specify the vertices, color, texture, 
surface normal and other characteristics of graphics primitives to be rendered. In this 
example, display processor 500 can render lines, triangles, and rectangles. Typically, 
display processor 500 will receive the specifications for the primitives It is to render from 
signal processor 400, although it is also possible for main processor 1 00 to specify these 
cxommands directly to the display processor. 

The first operation display processor 500 performs on an incoming primitive is to 
raslerize the primitive, i.e., to generate pixels that cover the interior of the primitive (Figure 
28, block 550). Rasterize block 550 generates various attributes (e.g., screen location, 
depth, RGB A color information, texture coordinates and other parameters, and a 
coverage value) for each pixel within the primitive. Rasterize block 550 outputs the 
texture coordinates and parameters to a texture block 552. Texture block 552 accesses 
texture information stored within texture memory 502, and applies {"maps") a texel 
(texture element) of a specified texture within the texture memory onto each pixel 
outputted by rasterized block 550. A color convert block 554 and a chroma keying block 
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556 further process the pixel value to provide a texture color to a color combined block 
558. 

Meanwhile, rasterize block 550 provides a primitive color (e.g.. as a result of 
shading) for the same pixel to color combine block 558. Color combined block 558 
combines these two colors to result in a single pixel color. This single pixel color output 
may have fog applied to it by block 560 (e.g., to create the effect of a smoke filled room, 
or the less extreme, natural effect of reducing color brilliance as an object moves further 
away from the viewer). The resulting pixel color value is then blended by a block 562 with 
a pixel value framebuffer 118 stores for the same screen coordinate location. An 
additional anti-alias/z-buffer operation 564 performs hidden surface removal (i.e., so 
closer opaque objects obscure objects further away), anti-aliasing (to remove jaggedness 
of primitive edges being approximated by a series of pixels), and cause the new pixel 
value to be written back into framebuffer 1 1 8. 

The operations shown in Figure 28 are performed for each pixel within each 
primitive to be rendered. Many primitives may define a single complex scene, and each 
primitive may contain hundreds or thousands of pixels. Thus, display processor 500 must 
process millions of pixels for each image to be displayed on color television set 58. 

Typically, framebuffer 1 18 is "double buffered" -- meaning that it is sized to contain 
two complete television screen images. Display processor 500 fills one screen worth of 
framebuffer information while video interface 21 0 reads from the other half of the 
framebuffer 118. At the end of the video frame, the video interface 21 0 and display 
processor 500 trade places, with the video interface reading from the new image 
representation just completed by display processor 500 and the display processor 
rewriting the other half of the framebuffer. This double buffering does not give display 
processor 500 any more time to complete an image; it must still finish the image in 
nominally one video frame time (i.e., during the video frame time just prior to the frame 
time during which the new image is to be displayed). 



[Pipelining!] 
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B cause high speed operation is very important in rendering pixels, display 
processor 500 has been designed to operate as a "pipeline." Referring again to Figure 28 
"pipelining" means that the various steps shown in Figure 28 can be performed in parallel 
for different pixels. For example, rasterize block 550 can provide a first pixel value to 
texture block 552, and then begin working on a next pixel value while the texture block is 
still working on the first pixel value. Similarly, rasterize block 550 may be many pixels 
ahead of the pixel that blend block 562 is working on. 

In this example, display processor 500 has two different pipeline modes: one-cycle 
mode, and two-cycle mode. In one-cycle mode, one pixel is processed for each cycle 
time period of display processor 500. A one-cycle mode operation is shown in Figure 
29(a). Note that the operations shown in Figure 29(a) are themselves pipelined (i.e., the 
blend operation 562 operates on a different pixel than the rasterize operation 550 Is 
currently rasterizing), but the overall operation sequence processes one pixel per cycle. 

Figure 29(b) shows the two-cycle pipeline mode operation of display processor 500 
in this example. In the Figure 29(b) example, some of the operations shown in Fig ure 28 
are performed twice for each pixel. For example, the texture and color convert/filtering 
operations 552, 554 shown in Figure 28 are repeated for each pixel; the color combine 
operation 558 is performed twice (once for the texture color output of one texture 
operation, and once for the texture color output of the other texture operation). Similarly, 
blend operation 562 shown in Figure 28 is performed twice for each pixel. 

Even though these various operations are performed twice, display processor 500 
in this example does not contain duplicate hardware to perform the duplicated operations 
concurrently (duplicating such hardware would have increased cost and complexity). 
Therefore, in this example, signal processor 500 duplicates an operation on a pixel by 
processing it with a particular circuit (e.g., a texture unit, a color combiner or a blender), 
and then using the same circuit again to perform the same type of operation again for the 
same pixel. This repetition slows down the pipeline by a factor of two (each pixel must 
"remain" at each stop in the pipeline for two cycles instead of one), but allows more 
complicated processing. For example, because the two-cycle-per-pixel mode can map 
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two textures onto the same pixel, it is possible to do "trilinear" fmipmapping") texture 
mapping. In addition, since in this example, display processor 500 uses the same 
blender hardware to perform both the fog operation 560 and the blend operation 562 (but 
cannot both blend and fog simultaneously), it is generally necessary to operate in the 
two-cycle-per-pixel mode to provide useful fog effects. 

The following tables summarize the operations performed by the various blocks 
shown in Figures 29(a) and 29(b) during the one-cycle and two-cycle modes: 



Display Processor Pipeline Block Functionality in One-Cycle Mode 


Block 


=unctionality 


Rasterize 550 


3enerates pixel and its attribute covered by the 
nterior of the primitive. 


Texture 552 


Generates 4 texels nearest to this pixel in a 
:exture map. 


Filter Texture 554 


Bilinear filters 4 texels into 1 texel, OR performs 
step 1 of YUV-to-RGB conversion. 


Combine 558 


Combines various colors into a single color, OR 
Derforms step2 of YUV-to-RGB conversion. 


3iend 562 


Blends the pixel with framebuffer memory pixel, 
OR fogs the pixel for writing to framebuffer. 


Framebuffer 563 


Fetches and writes pixels (color and z) from and 
to the framebuffer memory. 
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Display Processor Pipeline Block Functionality In Two-Cycle Mode 


Block 


iLii iv^uui idiny 


Ftasterize 550 


•aenerates pixel ana its anriDuie covered »y uw 
nterlor of the primitive. 


Texture 552a 


Generates 4 texels nearest to this pixel in a 
texture map. This can be level X of a mipmap. 


Texture 552b 


Generates 4 texels nearest to this pixel in a 
:exture map. This can oe level x+i of a mipmap. 


=ilter Texture 554a 


3ilinear; filters 4 texels into 1 texeL i 


= ilter Texture 554b 


3il»near; filters 4 texels into 1 texel. 


Combine 558a 


Combines various colors into a single color, OR 
inear interpolates the 2 bilinear filtered texels 
rom 2 adjacent levels of a mipmap, <jh penonms 
step 2 of YUV-to-RGB conversion. 


Combine 558b 


Combines various colors into a single color, OR 
shroma keying. 


Blend 562a 


Combines fog color with resultant CC1 color. 


Blend 562b 


Blends the pipeline pixels with framebuffer 
memory pixels. 


Framebuffer 563a 


Read/modify/write color memory; and 


Framebuffer 563b 


R9ad/modify/write Z memory. 



[Fill and Copy Operations] 

Display processor 500 also has a "fill" mode and a "copy" mode, each of which 
process four pixels per cycle. The fill mode is used to fill an area of framebuffer 1 18 with 
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Identical pixel values (e.g., for high performance clearing of the framebuffer or an area of 
it). The copy mode is used for high-performance image-to-image copying (e.g., from 
display processor texture memory 502 into a specified area of framebuffer 1 1 8). The 
copy mode provides a bit "blft" operation in addition to providing high performance 
copying in the other direction (i.e., from the framebuffer into the texture memory). 

The pipeline operations shown in Figures 29(a) and 29(b) are largely unused 
during the fill and copy modes, because in this example, the operations cannot keep up 
with the pixel fill or copy rate. However, In this example, an "alpha compare 1 operation 
(part of blend operation 562) is active in the copy mode to allow display processor 500 to 
"bltt" an image into framebuffer 1 18 and conditionally remove image pixels with the word 
alpha=0 (e.g., transparent pixels). 

The display processor's mode of operation is selected by sending the display 
processor 500 a "set other mode" command specifying a "cycle type" parameter. See 
Figure 86. In the one-cycle-per-pixel or two-cycle-per-pixel pipeline modes, additional 
display processor 500 commands are available to insure that pipeline synchronization is 
maintained (e.g., so that the pipeline is emptied of one primitive before the parameters of 
another primitive take effect). See Figure 100. 

[EXAMPLE DISPLAY PROCESSOR 500 ARCHITECTURE] 

Figure 30 shows an example architecture of display processor 500. In this 
example, display processor 500 includes a command unit 514 with associated RAM 516 
and DMA controller 51 8; an "edge walker'/rasterizer 504; a RGBAZ pixel stepper 520; a 
color combiner/level interpreter 508, a blender/fogger 510, a ditherer 522, a coverage 
evaluator 524, a depth (z) comparator 526, a memory interface 51 2 and a texture unit 
506. In this case, texture unit 506 includes, in addition to texture memory 502, texture 
steppers 528, a texture coordinate unit 530 and a texture filter unit 532. 

Command unit 514 and DMA controller 51 8 connect to coprocessor main internal 
bus 214, and also connect to the signal processor 400 via a private "x" bus 218. Memory 
interface 51 2 is a special memory Interface for use by display processor 500 primarily to 
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access to the color f ramebuffer 1 1 8a and the z buffer 1 1 8b stored within main memory 
300 (thus, display processor 500 has access to main memory 300 via memory interface 
51 2 and also via coprocessor internal bus 214). 

[DMA Controller] 

DMA controller 51 8 receives DMA commands from signal processor 400 or main 
processor 1 00 over bus 214. DMA controller 51 8 has a number of read/write registers 
shown in Figures 31 (a)-31 (c) that allow signal processor 400 and/or main processor 100 
to specify a start and end address in SP data memory 404 or main memory 300 from 
which to read a string of graphics display commands (Figure 31 (a) shows a start address 
register 51 8A, and Figure 31 (b) shows an end address register 51 8B). DMA controller 
518 reads data over main coprocessor bus 214 if registers 518a, 51 8b specify a main 
memory 300 address, and it reads data from the signal processor's data memory 404 
over private "x bus" 214 if the registers 518a, 518b specify a data memory 404 address. 
DMA controller 518 also includes a further register (register 51 8C shown in Figure 31 (c)) 
that contains the current address DMA controller 518 is reading from. In this example, 
DMA controller 518 is uni directional - that is, it can only write from bus 214 into RAM 
516. Thus, DMA controller 518 is used in this example for reading from signal processor 
400 or main memory 3C0. In this example, display processor 500 obtains data for its 
texture memory 502 by passing texture load commands to command unit 514 and using 
memory interface 512 to perform those commands. 

[Command Unit] 

Command unit 514 retains much of the current state information pertaining to 
display processor 500 (e.g., mode and other selections specified by "set commands"), 
and outputs attributes and.command control signals to specify and determine the 
operation of the rest of display processor 500. Command unit 51 4 includes some 
additional registers that may be accessed by main processor 100 (or signal processor 
400) via coprocessor bus 214. These additional registers, which are mapped into the 
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address space of main processor 100, permit the main processor to control and monitor 
display processor 500. 

For example, command unit 51 4 includes a slatus/command register 534 shewn in 
Figure 32(d) that acts as a status register when read by main processor 100 and acts as 
a command register when the main processor writes to it. When reading this register 
534, main processor 100 can determine whether display processor 500 is occupied 
performing a DMA operation reading from signal processor data memory 404 (field 
536(1); whether the display processor is stalled wafting for access to main memory 300 
(field 536(2); whether the display processor pipeline is being flushed (field 536(3); 
whether the display processor graphics clock is started (field 536(4); whether texture 
memory 502 is busy (field 536(5); whether the display processor pipeline is busy (field 
536(6); whether command unit 51 4 is busy (field 536(7); whether the command buffer 
RAM 516 is ready to accept new inputs (field 536(8); whether DMA controller 518 is busy 
(field 536(9); and whether the start and end addresses and registers 51 8a and 51 8b 
respectively valid (fields 536 (1 0), 536(1 1). When writing to this same register 534, main 
processor 100 (or signal processor 400) can clear an X-bus DMA operation from the 
signal processor 400 (field 538 (1); begin an X-bus DMA operation from signal processor 
data memory 404 (field 538(2); start or stop the display process (fields 538 (3), 538(4); 
start or stop a pipeline flushing operation (fields 538 (5), 538(6); clear a texture memory 
address counter 540 shown in Figure 33(h) (field 538 (7); clear a pipeline busy counter 
542 shown in Figure 33(f) (field 538(8); clear a command counter 544 used to index 
command buffer RAM 51 6 (field 538(9) (the counter 544 is shown in Figure 33(g); and 
clear a clock counter 546 (see Figure 33(e)) used to count clock cycles (field 538 (1 0). 

As mentioned above, the clock count, buffer count, pipeline count and texture 
memory count can all be read directly from registers 540546 (see Figures 33(e)-33(h)). 
In addition, main processor 100 or signal processor 400 can read and control the BIST 
operation pertaining to texture memory 502 (see BIST status/control register 548 shown 
in Figure 34(i)), and can also enable in control testing of memory interface 512 by 
manipulating mem span test registers 549(a), 549(b) and 549(c) shown in Figure 34(j). 
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Referring back to Figure 30, once one or more commands have been loaded into 
command unit buffer ram 518 and display processor 500 has been started, command unit 
514 begins reading and processing each command sequentially. The repertoire of 
commands display processor 500 understands are shown Figures 65-102. Hardware 
(e.g., logic, gate arrays and the like) within display processor 500 directly interpret the 
graphics display commands within RAM 51 6. In this example, display processor 500 has 
no ability to branch or jump in traversing this list of commands. Rather, display processor 
500 in this example is a sequential state machine that accepts each new command as an 
input in strict sequence and alters its states and outputs in response to the command. 

Display processor 500 halts if its command buffer RAM 516 is empty (i.e., it has 
processed all of the commands in the buffer, which buffer acts as a FIFO). Main 
processor 100 or signal processor 400 can determine if display processor 500 has halted 
by reading display processor status register 534 and may, if desired, pass the display 
processor a command that stalls the display processor temporarily (see "Sync Full" 
command in Figure 98). 

[Edgewalker and Steppers] 

Edgewalker 504 shown in Figure 30 performs the rasterize process 550 shown in 
Figure 28. In this example, edgewalker 504 receives the edge coefficients, shade 
coefficients, texture coefficients and z buffer coefficients specified in a "triangle 
command" (see Figure 73 specifying a particular primitive open line, triangle or 
rectangle), and outputs "span" values from which the following attributes for each pixel 
enclosed within the primitive can be derived: 

screen x, y location 

• z depth for z buffer purposes 
RGBA color information 

• s/w, t, w, 1/w texture coordinates, level-of-detail for texture index, perspective 
correction, and mipmapping (these are commonly referred to s, t, w, 1) 
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coverag value (pixels on the edge oi a primitive have partiaJ coverage values, 
whereas pixels within the interior of a primitive are full). 

Edgewalker 504 sends the parameters for a line of pixels across the primitive (a 
"span") to the pipeline hardware downstream for other computations. In particular, 
texture steppers 528 and RGBAZ steppers 520 receive the "span" information specified 
by edgewalker 504, and step sequentially along each pixel in the horizontal line (in the 
view plane coordinate system) of the "span" to derive the individual texture coordinates 
and RGBAZ values for each individual pixel In the span. 

The RGBAZ stepper 520 may also perform a "scissoring" operation on triangle 
primitives (this does not work for rectangles in this example) to efficiently eliminate 
portions of triangle primitives extending outside of a view plane scissoring rectangle. 
Scissoring is commonly used to eliminate running performance-intensive clipping 
operations on signal processor 400. Scissoring is similar in concept to clipping, but 
whereas clipping is performed in the 3-D coordinate system, scissoring is performed in 
the 2-D coordinate system of the viewing plane. Scissoring by steppers 520, 528 is 
invoked by sending display processor 500 a "set scissor" command (see Figure 94). 

As mentioned above, steppers 520 produces color and alpha information for each 
pixel within the "span" defined by edgewalker 504. Similarly, texture steppers 528 
produces texture coordinate values (s, t, w) for each pixel within the span. Steppers 520, 
528 operate in a synchronized fashion so that texture unit 506 outputs a mapped texture 
value for a pixel to color combiner 58 at the same time that the RGBAZ steppers 520 
output a color value for the same pixel based on primitive color, shading, lighting, etc. 

[Texture Unit] 

Texture unit 506 in this example takes the texture coordinates s, t, w and level-of- 
detail values for a pixel (as mentioned above, texture steppers 528 derive these values 
for each individual pixel based upon "span" information provided by edgewalker 504). and 
fetches appropriate texture information from onboard texture memory 502 for mapping 
onto the pixel. In this example, the four nearest texels to the screen pixel are fetched 



(271) «pW¥9-3 25 7 5 ? 

S18f=0 0 0 5 6 8 ( 158) 

from texture memory 502, and these four texel values are used for mapping purposes. 
Video game program 1 08 can manipulate texture states such as texture image types and 
formats, how and where to load texture images, and texture sampling attributes. 

Texture coordinate unit 530 computes appropriate texture coordinates for mapping 
texture stored within texture memory 502 onto the primitive being rendered. Since the 2- 
dimensional textures stored in texture memory 502 are square or rectangular images thai 
must be mapped onto triangles of various sizes, the texture coordinate in 530 must select 
appropriate texels within the texture to map onto pixels in the primitive to avoid distorting 
the texture. See OpenGL Programming Guide at 278. 

Texture coordinate unit 530 computes a mapping between the inputted pixel 
texture coordinates and four texels within the appropriate texture stored in texture 
memory 502. Texture coordinate unit 530 then addresses the texture memory 502 
appropriately to retrieve these four texels. The four texel values are passed to the texture 
filter unit 532. Texture filter 532 takes the four texels retrieved from texture memory 502 
and produces a simple bilinear-filtered texel. Texture filter 532 in this example can 
perform three types of filter operations: point sampling, box filtering, and bilinear 
interpolation. Point sampling selects the nearest texel to the screen pixel. In the special 
case where the screen pixel is always the center of four texels, the box filter can be used. 
In the case of the typical 3-D, arbitrarily rotated polygon, bilinear filtering is generally the 
best choice available. For hardware cost reduction, display processor texture filter unit 
532 does not implement a true bilinear filter. Instead, it linearly interpolates the three 
nearest texels to produce the result pixels. This has a natural triangulation bias which is 
not noticeable in normal texture images but may be noticed in regular pattern images. 
This artifact can be eliminated by prefiltering the texture image with a wider filter. The 
type of filtering performed by texture filter unit 532 is set using parameters in the "set 
modes" display command (see Figure 65-102). 
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[TEXTURE MEMORY 502] 

Display processor 500 treats texture memory 502 as a general-purpose texture 
memory. In this example, texture memory 502 is divided into four simultaneously 
accessible banks, giving output of four texels per clock cycle. Video game program 58 
can load varying-sized textures with different formats anywhere in the texture memory 
502. Texture coordinate unit 530 maintains eight texture tile descriptors that describe the 
location of texture images within texture memory 502, the format of each texture, and its 
sampling parameters. This allows display processor 500 to access as many as eight 
different texture tiles at a time (more than eight texture tiles can be loaded into the texture 
memory, but only eight tiles are accessible at any time). 

Figure 35 shows an example of the texture tile descriptors and their relationship to 
texture tiles stored in texture memory 502. In this particular example shown in Figure 35, 
eight different texture tiles 802 are stored within texture memory 502. Each texture tile 
802 has an associated texture tile descriptor block 804 (as discussed above, display 
processor 500 maintains up to eight descriptors 804 corresponding to eight texture tiles 
stored within texture memory 502). The texture descriptors contain information specified 
by a "set tile" command (see Figure 68). For example, these texture tile descriptors 
specify the image data format (RGBA, YUV, color index mode, etc.), the size of each 
pixel/texel color element (four, eight, sixteen, thirty-two bits), the size of the tile line in 64- 
bit words, the starting address of the tile in texture memory 502, a palette number for 4-bit 
color indexed texels, clamp and mirror enables for each of the S and T directions, masks 
for wrapping/mirroring in each of S and T directions, level of detail shifts for each of S and 
T addresses. These descriptors 804 are used by texture coordinate unit 530 to calculate 
addresses of texels within the texture memory 502. 

[Texture Coordinate Unit} 

Figure 36 shows a more detailed example of the processing performed by texture 
coordinate unit 530. Figure 36 shows the various tile descriptors 804 being applied as 
inputs to texture coordinate unit 530. Figure 36 also shows that texture coordinate unit 
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530 receives the primitive tile/level/texture coordinates for the current pixel from texture 
steppers 528. Texture coordinate unit 530 additionally receives mode control signals 
from command unit 514 based, for example, on the "set other mode" and "set texture 
image" commands (see Figure 86, Figure 87 and Figure 66). Based on all of this input 
information, texture coordinate unit 530 calculates which tile descriptor 804 to use for this 
primitive, and converts the inputted texture image coordinates to tile-relative coordinates 
which the texture coordinate unit wraps, mirrors and/or clamps as specified by the tile 
descriptor 804. Texture coordinate unit 530 then generates an offset into texture memory 
502 based on these tile coordinates. The texture coordinate unit 530 in this example can 
address 2x2 regions of texels in one or two cycle mode, or 4x1 regions in copy mode. 
Texture coordinate unit 530 also generates S/T/L fraction values that are used to bi- 
linearly or tri-linearly interpolate the texels. 

Rgure 37 is a detailed diagram of texture coordinate unit 530 and texture memory 
unit 502. As shown in Rgure 37, the incoming s, t, w texture coordinates are inputted into 
a perspective correction block 566 which provides a perspective correction based on w 
when perspective correction is enabled. The perspective-corrected s, t values are then 
provided to a level-of-detail or precision shift block 568 which shifts the texture 
coordinates after perspective divide (e.g., for MIP mapping and possibly for precision 
reasons). A block 570 then converts the shifted texture coordinates to tile coordinates, 
providing fractional values to the texture filter unit 532. These tile coordinate values are 
then clamped, wrapped and/or mirrored by block 572 based on the current texture mode 
parameters of display processor 500. Meanwhile, the perspective-corrected texture 
coordinates provided by perspective correction block 566 are also provided to a level of 
detail block 574 which, when level of detail calculations are enabled, calculates a tile 
descriptor index into a tile descriptor memory 576 and also calculates a level of detail 
fractional value for interpolation by the color combiner 508. The tile descriptors 804 are 
stored in tile descriptor memory 576, and are retrieved and outputted to a memory 
conversion block 578 which conversion block also receives the adjusted texture 
coordinate values of block 572. Address conversion block 578 converts the adjusted 
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texture coordinate values into texture memory unit addresses based on current tile size, 
format and other parameters as specified by the tile descriptor 804. Address conversion 
block 578 outputs the texel address to texture memory unit 502. The texture memory unit 
502 also receives additional parameters which are used, for example, if the texture is 
color indexed. Texture memory unit 502 outputs four texel values to texture filter unit 532 
for filtering as discussed above. 

[Texture Memory Loading] 

Texture memory unit 502 includes a four kilobyte random access memory onboard 
coprocessor 200. Because texturing requires a large amount of random accesses with 
consistent access time, it is impractical to texture directly from main memory 300 in this 
example. The approach taken is to cache up to four kilobytes of an Image in on-chip, 
high-speed texture memory 502. All primitives can be textured using the contents of 
texture memory 502. 

In order to use texture memory 502, video game program 108 must load a texture 
tile into the texture memory and then load the associated descriptor 804 into tile 
descriptor 576. The "load tile" command (see Figure 69) is used to load a tile into texture 
memory 502, and a "set tile" and "set tile size" command are used to load corresponding 
tile descriptor blocks 804 into tile descriptor memory 576. in addition, a "Load Hut" 
command (see Figure 72) can be used to load a color lookup table into texture memory 
502 for use by oolor indexed textures. 

Physically, texture memory 502 is organized in four banks, each comprising 256 
1 6-bit wide words, each bank having a low half and a high half. This organization can be 
used to store 4-bit textures (twenty texels per row), 8-brt textures (ten texels per row), 16- 
bit textures (six texels per row), 16-bit YUV textures (twelve texels per row), and 32-bit 
textures (six texels per row). In addition, texture unit 506 in this example supports a color- 
indexed texture mode in which the high half of texture memory 502 is used to store a 
color lookup table and the low half of the texture memory is used to store 4-bit or 8-bit 
color indexed textures. This organization is shown in Figure 38. In this Figure 38 
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example, a color indexed texture tile 580 is stored in a low haif 502(L) of texture memory 
502, and a corresponding color lookup table 582 is stored in the upper half 502(H) of the 
texture memory. 

Figure 39 shows a more detailed depiction of a particular texture memory color 
indexed mode, in which the color lookup table 582 is divided into four palette banks 584 
or tables, each having, for example, sixteen entries, each entry being 16-bits wide. The 
color lookup table may represent color in 16-bit RGBA format, or in 16-bit IA format. 
Since four texels are addressed simultaneously, there are four (usually identical) lookup 
tables 484 stored in the upper half of texture memory 502. As mentioned above, these 
lookup tables are loaded using the "load Tlut" command shown in Figure 72. 

Display processor 500 supports another color-indexed texture mode in which each 
texel in the lower half of texture memory 502 comprises eight bits— and therefore can 
directly access any one of the 256 locations in the upper half 502(H) of texture memory^ 
502. Thus, 8-bit color-indexed textures do not use the palette number of the tile, since 
they address the whole 256-element lookup table directly, it is not necessary to use the 
entire upper half of texture memory 502 for a lookup table when using 8-bit color-indexed 
textures. For example, if less than eight of the bits of the 8-bit color-indexed texture tile is 
being used for color lookup, only a portion of color memory upper half 502(H) is required 
to store the lookup table— and the remainder of the upper half of the texture memory 502 
might thus be used for storing a non-color-indexed texture such as a 4-bit I texture (see 
Figure 38). Similarly, even when color-indexed texture 580 is stored in the lower half 
502(L) of texture memory 502, it is possible to also store non-eolor-indexed textures in the 
lower half as well. Thus, color-indexed textures and non-color-indexed textures can be 
co-resident in texture memory 502. 

The following texture formats and sizes are supported by texture memory 502 and 
texture coordinate unit 530: 
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Texture Format and Sizes 


Type 


4-bit 


8-bit 


16-blt 


32-bit 


RGBA 






X 


X 


YUV 






X 




Color Index 


X 


X 






Intensity Alpha (IA) 


X 


X 


X 




Intensity (I) 


X 


X 







In this example, texture unit 506 will, unless explicitly told otherwise, change a tile 
descriptor 804 or a texture tile 802 immediately upon loading— even if it is still being used 
for texture mapping of a previous primitive. Texture loads after primitive rendering should 
be preceded by a "sync load" command and tile descriptor attribute changes should be 
preceded by a "sync tile" command to ensure that the texture tile and tile descriptor state 
of texture unit 506 does not change before the last primitive is completely finished 
processing (see Figure 99 and Figure 101 for example formats and functions of these 
commands). 

As mentioned above in connection with the signal processor 400, two special 
commands ("texture rectangle* and "texture rectangle flip") can be used to map a texture 
onto a rectangle primitive (see Figure 83 and Figure 84). It is possible to use the "texture 
rectangle" command to copy an image from texture memory 502 into frame buffer 118, 
for example. See Figure 83. 



[COLOR COMBINER] 

Referring once again to Figure 30, color combiner 508 oombines texels outputted 
by texture unit 506 with stepped RGBA pixel values outputted by RGBAZ steppers 520. 
Color combiner 508 can take two color values from many sources and linearly interpolate 
between them. The color combiner 508 performs the equation: 

newcolor = (A-B) * C + D 
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Here, A, B, C and D can come from many different sources (note that if D = B, then color 
combiner 508 performs simple linear interpolation). 

Figure 40 shows possible input selection of a general purpose linear interpolator 
color combiner 508 for RGB and Alpha color combination in this example. As can be 
seen in Figure 40, only some of the inputs in the lefthand column come from texture unit 
506 or RBGAZ steppers 520. The rest of the inputs are derived from color combiner 508 
internal state that can be programmed by sending commands to display processor 500. 
As discussed above, the "combined color" and "combined Alpha* values provided to color 
combiner 508 are obtained from the RGBAZ steppers 620, and the texel color and texture 
Alpha are obtained from texture unit 506 (two texet colors and corresponding Alpha 
values are shown since in two-cycle-per-pixel mode two texels will be provided by texture 
unit 506 for purposes of mipmapping for example). Additionally, the level of detail 
fractional input is obtained from Figure 37 block 574, and the primitive level of detail value 
along with the primitive color and primitive Alpha value may be obtained from a "set 
primitive color" command sent to display processor 500 (see Figure 89) (the primitive 
color value/alphg/level of detail fraction value can be used to set a constant polygon face 
color). Similarly, a shade color and associated Alpha value may be obtained from a 
"shade coefficient" command (see Figure 77 and Figure 78), and an environment color 
and associated Alpha value may be obtained from a "set environment color" command 
(see Figure 88) (the environment color/alpha value described above can be used to 
represent the ambient color of the environment). Two kinds of "set key" commands (one 
for green/blue, the other for red] are used for green/blue color keying and red color keying 
respectively— these supplying the appropriate key:center and keyiscale inputs to color 
combiner 508 (see Figure 96 and Figure 97). Both the primitive and environment values 
are programmable and thus can be used as general linear interpolation sources. 

Convert K4 and K5 Inputs to color combiner 508 are specified in this example by 
the "set convert" command (see Figure 95) that adjust red color coordinates after 
conversion of texel values from YUV to RGB format (the remainder of the conversion 
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process responsive to this set convert command being p rformed within texture filter unit 
532). 

Figure 41 shows a portion of color combiner 508 used for combining the alpha 
values shown as inputs in Figure 40. For both the RGB color combine in alpha color 
combine operations performed by color combiner 508, there are two modes, one for each 
of the two possible pipeline modes one cyde-per-pixel, and two cycles-per-pixel). In the 
two-cycle mode, color combiner 508 can perform two linear interpolation arithmetic 
computations. Typically, the second cycle is used to perform texture and shading color 
modulation (i.e., the operations color combiner 508 are typically used for exclusively in 
the one-cycle mode), and the first cycle can be used for another linear Interpolation 
calculation (e.g., level of detail interpolation between two bi-linear filtered texels from two 
mipmap tiles). Color combiner 508 also performs the "alpha fix-up" operation shown in 
Figure 42 in this example (see "set key GB" command in Figure 97). 

[Blender] 

As discussed above, blender 510 takes the combined pixel value provided by color 
combiner 508 can blends them against the frame buffer 118 pixels. Transparency is 
accomplished by blending against the 1rame buffer color pixels. Polygon edge antialias is 
performed, in part, by blender 510 using conditional oclor blending based on depth (z) 
range. The blender 51 0 can also perform fog operations in two-cycle mode. 

Blender 510 can perform different conditional color-blending and z buffer updating, 
and therefore can handle all of the various types of surfaces shown in Figure 43 (i.e., 
opaque surfaces, decal surfaces, transparent surfaces, and inter-penetrating surfaces). 

An important feature of blender 510 is its participation in the antialias process. 
Blender 510 conditionally blends or writes pixels into frame buffer 118A based on depth 
range (see Figure 46 which shows example z buffer formats including a "d2 w depth-range 
field). See copending Japanese Patent Application Reference No. 0569 filed by 
Nintendo Co., Ltd, and Silicon Graphics, Inc., entitled "System and Method For Merging 
Pixel Fragments Based On Depth Range Values". 
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In this example, video interface 21 0 applies a spatial filter at frame buffer read-out 
time to account for surrounding background colors to produce antialias silhouette edges. 
The antialiasing scheme requires ordered rendering sorted by surface or line types. Here 
is the rendering order and surface/line types for z buffer antialiasing mode: 

1. All opaque surfaces are rendered. 

2. All opaque decal surfaces are rendered. 

3. All opaque interpenetrating surfaces are rendered. 

4. Alt of the translucent surface and lines are rendered last. 

These can be rendered in any order, but proper depth order gives proper transparency. 

The mode blender 510 is controlled, in part by the groups of coefficients specified 
in the triangle command defining the primitive (see Figure 73). Thus, a primitive can be 
rendered in a z buffered mode or non-z buffered mode as specified by the triangle 
command- In addition, the 'set other modes" command (see Figure 86 and Figure 87) 
specifies blend mode words for cycle 0 and cycle 1 in addition to specifying "blend 
masks" and enabling/disabling antialiasing. 

Blender 510 has two internal color registers: fog color and blend color. These 
values are programmable using the "set fog color" and "set blend color" commands, 
respectively (see Figure 90 and Figure 91). These values can be used for geometry with 
constant fog or transparency- 
Blender 510 can compare the incoming pixel alpha value with a programmable 
alpha source to conditionally update frame buffer 1 18A. This feature can allow complex, 
outlined, billboard type objects, for example. Besides thresholding against a value, 
blender 510 in this example can also compare against a dithered value to give a 
randomized particle effect. See "set other modes" command (Figure 86 and Figure 87). 
Blender 51 0 can also perform fog operations, either In 1 -cycle or 2-cycle mode. Blender 
510 uses the stepped z value as a fog coefficient for fog and pipeline color blending. 

Figure 44 shows an example of the overall operations performed by blender 510 in 
this example. In this particular example, blender 510 can be operated in a mode in which 
a coverage value produced by coverage evaluator 524 can be used to specify the amount 
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of blending- Coverage evaluator 524 compares the coverage value of the current pixel 
(provided by edge walker 504) to stored coverage value within frame buffer 1 18A. As 
shown in Figure 45 (a depiction of the format of the color information stored for each pixel 
within color frame buffer 1 1 8 A) , the color of a pixel is represented by 5 -bits each of red, 
green, and blue data and by a 3-bit "coverage* value. This "coverage" value can be used 
as-is, or multiplied by an alpha value for use as pixel alpha and/or coverage (see "set 
other modes" command in Figure 86 and Figure 87). The "coverage* value nominally 
specifies how much of a pixel is covered by a particular surface. Thus, the coverage 
value outputted by edge walker 504 will be 1 for pixels lying entirely within the intenc of a 
primitive, and some value less than 1 for pixels on the edge of the primitive. In this 
example, blender 510 uses the coverage value for antialiasing. At the time blender 51 0 
blends a primitive edge, it does not know whether the primitive edge is internal to an 
object formed from multiple primitives or whether the edge is at the outer edge of a 
represented object. To solve this problem in this example, final blending of opaque edge 
values is postponed until display time, when the video interface 210 reads out frame 
buffer 1 18A for display purposes. Video interface 210 uses this coverage value to 
interpolate between the pixel color and the colors of neighboring pixels in the frame buffer 
1 18A. In order to accomplish this antialiasing at display time, blender 510 must maintain 
the coverage value for each pixel within frame buffer 1 1 8a, thereby allowing video 
interface 210 to later determine whether a particular pixel is a silhouette edge or an 
internal edge of a multi-polygon object. 

[Memory Interface 512 and Z Buffering] 

Memory interface 512 provides an interface between display processor 500 and 
main memory 300. Memory interface 512 is primarily used during normal display 
processor 500 operations to access the color frame buffer 1 18a and the Z buffer 1 18b. 
Color frame buffer 1 1 8a stores a color value for each pixel on color television screen 60. 
The pixel format is shown in Figure 45. Z buffer 1 18b stores a depth value and a depth 
range value for each color pixel value stored in color frame buffer 1 18a. An example 
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formal for z buffer values is shown in Figure 46. The Z buffer 1 18b Is used primarily by 
blender 510 to determine whether a newly rendered primitive is in front of or behind a 
previously rendered primitive (thereby providing hidden surface removal). The "DZ" 
depth range value shown in Figure 46 may. be used to help ascertain whether adjacent 
texels are part of the same object surface. 

Memory interface 512 can write to main memory 300, read from main memory, or 
read, modify and write (RMW) locations in the main memory. For RMW operations, 
memory interface 51 2, in this example, pre fetches a row of pixels from frame buffer 1 1 8a 
as soon as edge walker 504 determines the x, y coordinates of the span. Memory 
interface 512 includes an internal "span buffer" 512a used to store this span or row of 
pixels. Memory interface 512 provides the appropriate pre-fetched pixel value from span 
buffer 510a to blender 510 at the appropriate time-thus minimizing the number of 
accesses to main memory 300. Span buffer 512a is also used to temporarily store 
blended (modified) pixel values so that display processor 500 need not access main 
memory 300 each time a new pixel value is blended- In general, memory interface 51 2 
writes the entire span worth of pixels into main memory 300 as a block ail at once. 

Memory interface 512 has enough on<:hip RAM to hold several span buffers. This 
can cause problems, however, If two spans in sequence happen to overlap the same 
screen area. A parameter "atomic space" in the "Set Other Modes" oommand (see 
Figure 86 and Figure 87) forces memory interface 512 to write one primitive to frame 
buffer 1 18a before starting the next primitive-thereby avoiding this potential problem by 
adding no cycles after the last span of a primitive Is rendered. 

Depth comparator 526 operates in conjunction with z buffer 1 1 8b to remove hidden 
surfaces and to insure the transparent values are blended properly. Depth comparator 
526 compares the z or depth value of the current pixel with the z value currently residing 
In z buffer 1 1 8a for that screen location. At the beginning of the rendering of a new 
frame, all locations in z buffer 1 1 8b are preferably initialized to maximum distance from 
the viewer (thus, any object will be open "in front of" this initialized value). Generally, 
each time display processor 500 (is to blend a new pixel into frame buffer 1 18a), depth 
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comparator 526 compares the depth of the current pixel with the depth residing in that 
location o1 z buffer 1 1 8b. If the old z buffer value indicates that the previously written 
pixel is closer to the viewer than is the new pixel, the new pixel is discarded (at least for 
opaque values) and is not written into the frame buffer-thus accomplishing hidden 
surface removal. If the new pixel Is closer to the old pixel as indicated by depth 
comparator 526, then the new pixel value (at least for opaque pixels) may replace the old 
pixel value in frame buffer 1 18a--and the corresponding value in z buffer 11 8b is similarly 
updated with the 2 location of the new pixel (see Figure 47). Transparency blending may 
be accomplished by blending without updating the z buffer value -but nevertheless 
reading it first and not blending rf the transparent pixel is behind an opaque pixel. 

[Video Interface 210] 

Video interface 21 0 reads the data out of frame buffer 118 and generates the 
composite, S video RGB video output signals. In this example, video interface 21 0 also 
performs anti-aliasing operations, and may also perform filtering to remove truncation 
caused by the introduction of dithering noise. 

Video interface 21 0 in this example works in either NTSC or PAL mode, and can 
display 1 5-brt or a 24-bit color pixels with or without filtering at both high and low 
resolutions. The video interface 210 can also scale up a smaller image to fill the screen. 
The video interface 210 provides 28 different video modes plus additional special 
features. 

Video interface 210 reads color frame buffer 1 1 8a in synchronization with the 
electron beam scanning the color television screen 60, and provides RGB values for each 
pixel in digital form to video DAC 144 for conversion into analog video levels in this 
example. Video interface 210 performs a blending function for opacity values based on 
coverage {thereby providing an antialiasing function), and also performs a back-filtering 
operation to remove some of the noise introduced by screen-based dithering. 

Figure 48 is a block diagram of the architecture of video interface 210. In this 
example, video interface 210 includes the DMA controller 900, a buffer 902, control logic 
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904. anti-aliasing filters 906a. 906b, error correction blocks 908a, 908b, vertical 
interpolator (filter) 910, horizontal interpolator (filter) 912, "random 0 function generator 
914, gamma block 916, and bus driver 918. 

DMA controller 900 is connected coprocessor bus 21 4. DMA controller 900 reads 
color frame buffer 1 1 8a beginning at an "origin" address in the main memory specified by 
main process 100 (see Figure 50(b)). DMA controller 900 sequentially reads the pixel 
color and coverage values (see Figure 45) from frame buffer 1 18a in synchronism with 
the line scanning operations of television 58. The pixel values read by DMA controller 
900 are processed by the remainder of video interface 210 and are outputted to video 
DAC 144 for conversion into an analog composite video signal NTSC or PAL format in 
this example. 

DMA controller 900 in this example provides the color/ooverage values it has read 
from main memory frame buffer 1 1 8a, to a RAM buffer 902 for temporary storage. In this 
example, buffer 902 does not store the pixel color values corresponding to an entire line 
of television video. Instead, buffer 902 stores a plurality of blocks of pixel data, each 
block corresponding to a portion of a line of video. Buffer 902 provides "double 
buffering," i.e., it has sufficient buffers to make some line portions available to filters 906 
while other buffers are being written by DMA controller 900. 

In this example, DMA controller 900 accesses, and stores into buffers 902, several 
of the pixel data corresponding to several horizontally-aligned portions of the video lines 
to be displayed on television screen 60. Looking at Figure 49, frame buffer 1 1 8a is 
shown - for purposes of illustration - as being organized in a row/column order 
corresponding to pixels on the television screen (it will be understood that the frame 
buffer as stored in main memory 300 may actually be stored as a long sequential list of 
pixel color/coverage values). In this example, DMA controller 900 reads out a block of 
pixel values corresponding to a particular segment of the current line n of video to be 
displayed (top shaded block in Figure 49 frame buffer 1 1 8a), and also reads out the pixel 
values corresponding to a horizontally-aJigned (on the television screen) line segment of a 
"next" video line n+1 (i.e., the part of the pixel data representing the part of the next line 
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just beneath the line n). In this particular example, also reads a further block of pixel 
values from the frame buffer corresponding to the horizontally-aligned line segment of 
video line n+2. 

Each of these blocks of pixel values is stored in buffer 902. Filters 906a, 906b 
perform a filtering/anti-aliasing operation based on coverage value to interpolate the 
current line's pixel values with neighboring pixel values (i.e., pixel values that are adjacent 
with respect to the displayed position on color television screen 60). The anti-aliasing 
filtering operations performed by filters 906a, 906b are as described in copending 
Japanese Patent Application Reference No. 0566 filed by Nintendo co., Ltd and Silicon 
Graphics, Inc.. entitled "Antialiasing of Silhouette Edges". Briefly, a three-scan-line high 
neighborhood is color weighted by coverage value in a blending process performed by 
fitter 906. This filtering operation results in smoother, less jagged lines at surface edges 
by using the pixel coverage value retained in frame buffer 1 18a (which coverage value 
indicates what percentage of the pixel is covered by a polygon) to adjust the contribution 
of that pixel value relative to the contributions of neighboring pixel values in a blending 
process to produce the current pixel value. Divot error correction blocks 908a, 908b 
correct the outputs of anti-alias filters 906a, 906b for slight artifacts introduced by the 
anti-aliasing process. In particular, for any pixels on or adjacent to a silhouette edge, the 
error correction blocks 908 take the median of three adjacent pixels as the color to be 
displayed in place of the center pixel. This error correction can be enabled or disabled 
under software control (see Figure 50(a)), and a video game programmer may wish to 
disable the error correction since it interacts poorly with decal line rendering modes. 

Anti-aliasing filters 906a, 906b operate in parallel in this example to produce pixel 
data blocks corresponding to horizontally aligned portions of two successive lines (line n, 
line n+1) of the image represented by frame buffer 1 18a. These pixel values are provided 
to vertical Interpolator 91 0, which performs a linear interpolation between the two image 
lines to produce an image portion ol a single scan line (see Figure 49). Interpolator 910 
interpolates between successive scan lines in order to reduce fficker in interlaced 
displays. For example, interpolator 91 0 can add in a contribution from a previous or next 
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successive horizontally-aligned scan line portion to make transitions between successive 
video scan lines less noticeable - thereby reducing flicker. 

Additionally, interpolator 91 0 in this example can perform a vertical scaling function 
that allows the number of lines displayed on television screen 60 to be different from the 
number of lines represented by the frame buffer 1 18a pixel information. In this example, 
filter 906 scales in the vertical dimension by resampling the pixel data for successive lines 
of image represented by frame buffer 1 18a - thereby allowing television screen 60 to 
have a different number of lines. This scaling operation (which also accommodates 
^ offsetting) is controlled by the values within the video Interface Y scale register (see 

Figure 52(n)). The ability to scale the television image relative to the digital image size of 
frame buffer 1 18a provides additional flexibility. For example, the scaling ability makes it 
possible for signal processor 400 and display processor 500 to generate a smaller digital 
image representation in frame buffer 118- and yet allow that smaller image to fill the 
entire television screen 60. Since a smaller frame buffer 118 requires less time to 
rasterize (i.e., display processor 500 needs to handle fewer spans and fewer pixels per 
span for a given polygon) and less memory to store, the scaling ability can provide 
increased performance - albeit at the cost of a lower resolution image. 

The output of vertical filter 910 in this example is a block of pixel data representing 
the pixel values for a portion of the video line to be displayed. As shown in Figure 49, this 
block of pixel values is provided to horizontal interpolator 912. Horizontal interpolator 912 
provides a linear interpolation between neighboring pixel values in order to resample the 
pixels based on a horizontal scaling factor stored in the X scale register (see Figure 
52 (m)). Horizontal interpolator 1 12 thus provides a horizontal scaling ability, e.g., to 
convert a smaller number of frame buffer values into a larger number of screen pixels 
along a horizontal line. 

The output of horizontal interpolator 912 is provided to a Gamma correction circuit 
916 that converts linear RGB intensity into non-linear intensity values suitable for 
composite video generation for the gamma non-linearity of TV monitors. This amounts to 
taking a square root of the linear color space. The TV monitor effectively raises these 
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color values to a power of 2.2 or 2.4. A "random" function block 914 introduces additional 
bits of resolution to each of the R, G and B color values in order to "de-dither" (i.e., to 
compensate for the bit truncation performed by display processor dithering block 522). 
As shown in Figure 45, one example frame buffer 118 color pixel format in this example 
provides only five bits of resolution of each R, G and B to conserve storage space within 
main memory 300. Display processor dithering block 522 may truncate 8-bit RGB color 
values provided by blender 510 to provide the compressed representation shown in 
Figure 45. Block 91 4 can reverse this truncation process to decompress the RGB values 
to provide 256 different display color levels for each R, G and B. See copending 
Japanese Patent Application Reference No. 0567 filed by Nintendo Co., Ltd. and Silicon 
Graphics, Inc., entitled "Restoration Filter For Truncated Pixels". This dither filter 
operation can be turned on and off under software control (see Figure 50(a)). 

[Example Video Interface Registers] 

There are sixteen control registers for the video interface 210 which control all its 
functions Including sync generation, video rescaling, and anti-aliasing. Figures 50(a)- 
52(p) show the various registers within video interface 210 the can be accessed by main 
processor 1 00. 

Figure 50(a) shows the video interface control register 952. Main processor 100 
can write the following values into this register 952 to control the operation of video 
interface 210: 

Type field 952a specifies pixel data size as blank (no data, no sync), the format 
shown in Figure 45 (5bits each of RGB and a 3-bit coverage value), or 8/8/8/8 (32- 
bit color value and 8 bits of coverage); 

Gamma dither enable field 952b turns on and off the addition of some random 
noise to the least significant bits of the video out before the final quantization to 7 
bits to eliminate Mach banding artifacts; 
• Gamma enable field 952c turns on and off gamma correction; 

Divot enable field 952d turns on and off the divot error correction discussed above; 
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vkJ o bus clock enable field 952e turns an internal clock on or off; 



Interlace field 952f turns interlacing on and off; 



o 



o 



Test mode field 952g; 
anti-alias mode on/off field 952h; 



diagnostic field 952i; 

pixel advance field 952j; and 

dither filter enable field 952k. 

Figure 50(b) shows the video interface origin register 954 used to specify the 
beginning main memory 300 address of frame buffer 1 1 8a for read out. In this example, 
main processor 1 00 needs to explicitly set this register 954 each time video interface 21 0 
is to read from a new area in main memory 300 (e.g., to read the other half of double 
buffered frame buffer 118). 

Figure 50(c) shows the video interface line width register 956, which can be set to 
specify the number of pixels in each horizontal line. Figure 50(d) shows the video 
interface vertical interrupt register 958, which main processor 100 can set with a particular 
vertical line number so that coprocessor 200 will interrupt the main processor once per 
frame at the specified vertical line or half line. Figure 50(e) shows the video interface 
current line register 960, which specifies the current vertical line when read from by the 
main processor 100 and dears the vertical line interrupt when written to by the main 
processor. 

The registers 962 972 shown in Figures 51 (g)-52(l) are used by main processor to 
specify detailed composite video timing parameters. For example: 



Figure 51 (f) shows the vertical interface timing register 962 which main 
processor 1 00 can write to to specify horizontal sync pulse width, color burst 
width, vertical sync pulse width, and color burst start timing. 

Figure 51 (g) shows the video interface vertical sync register 964 that main 
processor 1 00 may write to specify the number of vertical half-lines per field. 
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Figure 51 (h) shows the video interface horizontal sync register 965 which 
main processor 1 00 can write to specify the total duration of a line and a 
horizontal leap pattern for PAL. 

Figure 51 (0 shows the video Interface h sync leap register 966 specifying 
two alternate h sync leap parameters for PAL. 

The video interface horizontal video register and vertical video register 968, 
970 shown in Figures 51 (j), 51 (k), respectively, are used to specify 
horizontal and vertical video start and end times relative to hsync and vsync. 



The vertical interfaced vertical burst register 972 shown in Figure 52(l) 
specifies color burst start and end timing. 

The timing parameters programmable into registers 962-972 can be used to 
provide compatibility with different kinds of television sets 58. For example, most 
television sets 58 in the United States use a composite video format known as NTSC, 
whereas most European television sets use a composite video format known as PAL. 
These formats differ in terms of their detailed timing parameters (e.g., vertical blanking 
integral width and location within the signal pattern, horizontal synchronization pulse 
width, color burst signal pulse width, etc.). Because registers 962-972 control these 
composite video timing parameters and are programmable by software executing on main 
processor 100, a programmer of video game 108 can make her program NTSC 
compatible, PAL compatible, or both (as selected by a user) by including appropriate 
instructions within the video game program that write appropriate values to registers 
962-972. Thus, in this example, coprocessor 200 is compatible NTSC-standard 
television sets 58, PAL standard compatible television sets - and even with video formats 
other than these within a range as specified by the contents of registers 962-972. 
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Vertical interface x and y scale registers 974, 976 (see Figur 52(m), 52{n), 
respectively) specify x and y scale up and subpixel offset parameters for horizontal and 
vertical scaling, as discussed above. Figures 52(o) and 52(p) show video interface test 
data and address registers 978, 980 for diagnostic purposes. 

[Memory Controller/Interface 212] 

As explained above, coprocessor memory interface 212 interfaces main memory 
300 with coprocessor internal bus 214. In this example, main memory 300 is accessed 
✓--v over a 9-bit wide bus, and one of the tasks memory interface 212 is responsible for is to 
buffer successive 9-bit words so they can be more conveniently handled by coprocessor 
200. Figure 53 is an example diagram showing the overall architecture of memory 
controller/interface 212 

In this example, memory interface/controller 21 2 includes a pair of registers/buffers 
1 000, 1 002, a control block 1 004, and a RAM controller block 21 2b. RAM controller block 
212b comprise RAM control circuits designed and specified by Rambus Inc. for controlling 
main memory 300. Registers 1 000, 1 002 are used to latch outgoing and incoming data, 
respectively. Control block 1 004 controls the operation of memory interface 21 2. 

^ [Example Memory Controller/Interface Registers] 

Figures 54(a)-55(h) show example control registers used by main processor 1 00 to 
control memory interface 21 2. Figure 54(a) shows a read/write mode register specifying 
operating mode and whether transmit or receive is active (1 052). Figure 54(b) shows a 
configuration register 1 054 that specifies current control input and current control enable. 
Figure 54(c) represents a current mode register 1056 that is write only, with any writes to 
this register updating the current control register. Figure 54(d) shows a select register 
1058 used to select receive or transmit. Figure 54(e) shows a latency register 1 060 used 
to specify DMA latency/overlap. Figure 54(f) shows a refresh register 1 062 that specifies 
clean and dirty refresh delay, indicates the current refresh bank, indicates whether refresh 
is enabled, indicates whether refresh Is optimized, and includes a field specifying refresh 
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multi-bank device. Figure 55(g) shows an error register which in a read mode indicat s 
NACK, ACK and over-range ierrors, and when written to by main processor 100 clears all 
error bits. Figure 55(h) shows a bank status register 1066 which, when read from 
indicates valid and dirty bits of the current bank, and when written to clears valid and sets 
dirty bits of the current bank. 

[CPU INTERFACE] 

Figure 56 shows a block diagram of coprocessor CPU interface 202 in this 
^ example. CPU interface 202 comprises a FIFO buffer 1 1 02 and a control block 1 1 04. 
FIFO buffer 1 102 provides bidirectional buffering between the CPU SysAD multiplexed 
address/data bus 102a and the coprocessor multiplexed address/data bus 21 4D. Control 
block 1 104 receives addresses asserted by the main processor 100 and places them 
onto the coprocessor address bus 21 4C. Control block 1 104 also receives interrupt 
signals from the other parts of coprocessor 200, and receives command control signals 
from the main processor 100 via SysCMD bus 102b. 

[Example CPU Interface Registers] 

Figures 57(a)-57(d) show the registers contained within CPU interface 303 in this 
^ example. Figure 57(a) shows a CPU interface status/control register 1 152 that controls 
coprocessor 200 when main processor 100 writes to the register and indicates overall 
coprocessor status when the main processor reads from the register. Main processor 
100 can write to register 1 1 52 to specify initialization code length, set or clear initialization 
mode, set or clear internal coprocessor bus test mode, clear display processor 400 
interrupt, and set or clear main memory register mode. When main processor 100 reads 
from this register 1 152, it can determine initialization code length, initialization mode, 
internal coprocessor bus test mode, and whether the coprocessor is operating in the main 
memory register mode. 
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Figure 57(b) shows a version register 1154 that main processor 100 can read from 
to determine version information pertaining to various components within coprocessor 
200. 

Figure 57(c) shows an Interrupt register 1 156 that main processor 1 00 can read 
from to determine the source of an interrupt it has received from coprocessor 200. In this 
example, a single line connects between coprocessor 200 and main processor 100 is 
used for interrupt purposes. Upon receiving a coprocessor interrupt, main processor 100 
can read interrupt register (which contains an interrupt vector) to ascertain what 
^ component within coprocessor 200 (i.e., signal processor 400, serial Interface 204, audio 
interface 208, video interface 210. parallel interface 206, or display processor 500) cause 
the interrupt. Figures 57(d) shows an interrupt mask register 1 158 which main processor 
1 00 can write to to set or clear an interrupt mask for any of the interrupts specified in 
interrupt register 1 156, and may read to determine interrupts are masked and which are 
not. 

[AUDIO INTERFACE] 

Figure 58 shows an overall block diagram architecture of audio interface 208 in this 
example. Audio interface 208 includes DMA logic 1200. a state machine/controller 1202, 
^ an audio clock generator 1 204, audio data buffers 1206 and a serializer 1 208. In this 
example, DMA logic 1200 fetches digital audio sample data from audio buffer 1 14 within 
main memory 300. DMA logic 1200 writes this audio sample data, 8 bytes at a time, into 
audio data buffers 1206. There are multiple audio data buffers 1206 arranged in a FIFO 
so that DMA logic 1 200 can be prefetching some audio sample data while serializer 1 208 
serializes other, previously fetched-and-buffered audio sample data. Thus, buffers 1206 
store enough data to supply serializer 1208 between block reads by DMA logic 1200. 
Since the output rate of serializer 1208 is relatively slow (e.g., on the order of 4 bytes at 
50kHz, a single 64-bit buffer 1206b can store enough digitized audio samples to last a 
relatively long time In terms of real time audio output 
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As discussed above, serializer converts the parallel contents of audio buffers 1206 
into serial format, and places the resulting serial digital audio data stream onto bus 209 
for communication to audio DAC 140. Digital audio bus 209 in this example includes a 
single serial data line 209a multiplexed between left channel data and right channel data. 
In this example, serializer 1208 outputs a 1 6-bit long word for each stereo channel, 
alternating between the channels. The output bit rate of serializer 1 208 is specified by 
audio clock generator 1204. Audio clock generator 1 204 produces an audio clock output 
on 209b to synchronize audio DAC 140 to the serializer 1208 output bit rate, and 
produces an audio UH clock on line 209c specifying whether the current serializer output 
1 208 is for the left or right stereo channel. 

Figure 58 shows a number of registers and counters used to control audio 
interface 208. DMA controllers 1 200 receives a starting main memory address from an 
address register 1210. Main processor 100 writes to this address register 1210 (see 
Figure 59(a)) to point audio interface 208 to the locations in main memory 300 providing 
the audio buffer 1 1 4 for the current audio to be played. A counter 1212 increments this 
address for each fetch by DMA controller 1 200 thereby sequencing the DMA controller 
through the entire audio buffer 114. Main process 100 writes the length of audio buffer 
114 into a transfer length register 1214 (see Figure 59(b)). An additional counter 1216 
associated with length register 1214 sequences state machine 1202 through an 
appropriate number of control states corresponding to the length of audio buffer 1 14. 
State machine 1202 generates control signals that synchronize the operations of the 
other parts of audio interface 208 relative to one another. In this example, main 
processor 100 can enable audio interface 208 to begin fetching data from the main 
memory 300 by writing to a DMA enable register location 1217 (not shown in Figure 58; 
see Figure 59(c)). Main processor 1 00 may also determine the state of audio interface 
200 by reading an audio interface status register 1218 (not shown in Figure 58; see 
Figure 59(d)). In this example, state machine 1 202 generates a main processor interrupt 
when it reaches the end of audio buffer 1 14 as specified by length register 1214, and the 
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main proc ssor 1 00 can clear this interrupt by writing to the status register 1 21 8 location 
(see Figure 59(d)). 

In this example, main processor 100 may also controi the rate of the clocking 
signals generated by audio clock generator 1204. Main processor 100 can program 
these rates by writing to audio rate registers 1218, 1 220 (see Figures 59(e), 59(f)). A 
counter 1222 may provide a programmable dividing function based on the rate values 
main processor 100 as written into audio rate registers 1218, 1220. 

^ [SERIAL INTERFACE] 

Figure 60 shows an overall high level block diagram of serial interface 204 in this 
example. 

In this example, serial interface 204 moves blocks of data between coprocessor 
200 and serial peripheral interface 138. Serial interface 204 can either read a 64-byte 
data block from serial peripheral interface 138 and transfer it to a specified location in 
main memory 300 or alternatively, it can read a 64-byte block of data stored in the main 
memory and transfer it serially to the serial peripheral interface. In this example, serial 
interface 204 comprises primarily direct memory access logic 1 300, control logic 1 302, 
and a parallel/serial converter 1304. Parallel/serial converter 1304 in this example 
^ comprises a shift register that converts serial data sent by serial peripheral interface 1 38 
over a read data/acknowledge bus 205a into parallel data for application to latch 1308. 
The contents of latch 1308 is then applied to coprocessor data bus 214d for writing into 
main memory 300. Alternatively, in a parallel-to-serial conversion mode, shift register 
1304 receives parallel data from the coprocessor data bus 21 4d via a latch 1310 and 
converts that data into serial for transmission to serial peripheral interface 138 via a 
command and write data bus 205b. 

Main processor 100 specifies the address within main memory 300 that serial 
interface 204 is to read from or write to, by writing this address into an address register 
131 2 (see Figure 61 (a)). Address register 1312 contents specify the main memory 
address to be loaded in DMA address counter 1314. Part of the contents of address 
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register 1312 may also be used to specify "address" information within serial peripheral 
Interface 138. Such serial peripheral interface "address" information is loaded into a latch 
1 316, the contents of which are provided to shift register 1304 for transmission to the 
serial peripheral interface. This serial peripheral interface "address" information may be 
used, for example, to specify a location within the 6erial peripheral interface 1 38 (i.e., a 
boot ROM location 158, a RAM buffer or a status register). 

In this example, serial interface 204 has the ability to place the shift register 1304 
parallel output onto the coprocessor address bus 214c via register 1 308, a multiplexer 
1318, and a latch 1320. 

^ As shown in Figures 61 (b), 61 (c), main processor 100 in this example specifies the 

direction of serial transfer by writing to a location 1 322 or 1 324. A write to location 1 322 
causes serial interface 204 to read a 64-byte data block from the serial peripheral 
interface 138 and write it to the main memory 300 location specified by address register 
1 312. A write by main processor 100 to register location 1324 causes serial interface 204 
to read a 64-byte block of data from the main memory 300 location specified by address 
register 131 2, and to write the data in serial form to the serial peripheral interface 1 38. 

Figure 61 (d) shows the serial Interface status register 1 326. Main processor 1 00 
can read status register 1326 to determine the status of serial interface 204 (e.g., whether 
the serial interface is busy with a DMA or I/O operation (fields 1328 (1) 1328 (2), 

^ respectively) ; whether there has been a DMA error (field 1 328 (3); or whether the serial 
interface has caused a main processor interrupt (field 1 328 (4)). Serial interface 204 may 
generate a main processor inlerrupl each time it has completed a data transfer to/from 
serial peripheral interface 138. Main processor 100 can clear the serial interface interrupt 
by writing to register 1326. 

[PARALLEL PERIPHERAL INTERFACE] 

Figure 62 shows an example block diagram of parallel peripheral interface 206. In 
this example, parallel interface 206 transfers blocks of data between main memory 300 
and storage device 54. Although storage device 54 described above includes only a 
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read-only memory 76 connected to parallel bus 104, system 50 can accommodate 
different configurations of peripherals for connection to connector 154. For example, two 
different types of peripheral devices (e.g.. a ROM and a RAM) may be connected to 
peripheral connector 154. Peripheral interface 206 is designed to support 
communications between two different types of peripheral devices connected to the same 
parallel bus 104 without requiring any time-consuming reconfiguration between writes. 

Some such peripheral devices may be read-only (e.g., ROM 76), other such 
peripheral devices may be read/write (e.g., a random access memory or a modem), and 
still other such peripheral devices could be write only. Peripheral interface 206 supports 
bi-directional, parallel transfer over parallel bus 1 04 between connector 154 and main 
memory 300. 

Parallel peripheral interface 206 in this example includes a DAM controller 1400, a 
control/register block 1402, and a register file 1404. Register file 1404 buffers blocks of 
data being transferred by peripheral Interface 206 between a peripheral device connected 
to connector 1 54 and a block of storage locations within main memory 300. In this 
example, register file 1 404 comprises a small RAM that stores 1 6 64-bit words. Register 
file 1404 operates as a FIFO, and is addressed by control/register block 1402. The 
output of register file 1404 is multiplexed into 16-bit portions by multiplexer 1406. These 
16-bit-wide values are latched by a latch 1408 for application to the peripheral device 
connected to connector 1 54 via a multiplexed address/data bus 1 04ad. Data read from 
the peripheral device via the multiplexed address/data bus 104ad is temporarily stored in 
a latch 1 41 0 before being applied (via a multiplexer 1412 that also positions the 1 6-bit 
read value within an appropriate quarter of a 64-bit word) into register file 1404. 
Multiplexer 1412 also receives data from coprocessor data bus 214d via latch 1414, and 
can route this received data Into register file 1404 for storage. The register file 1404 
output can also be coupled to coprocessor data bus 21 4d via latch 1 416. In this example, 
the register file 1404 output may also be coupled to the coprocessor address bus 214c 
via a multiplexer 1418 and a latch 1420. 
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Main processor 1 00 controls the parameters of a DAM transfer performed by 
peripheral interface 206 by writing parameters into control/register block 1402. For 
example, main processor 1 00 can write a starting main memory address into a DRAM 
address register 1 422 (see Figure 63(a) and can write a starting address space of a 
peripheral device connected to connector 1 54 by writing a peripheral bus address starting 
address into the peripheral bus register 1424 (see Figure 63(b)). In this example, main 
processor 100 specifies the length and direction of transfer by writing to one of registers 
1426, 1428 shown in Figures 63(c), 63(d), respectively. A write to read length register 
1 426 shown in Figure 63(c) controls the peripheral interface 206 to transfer in one 

^ direction, whereas writing a length value into register 1428 shown in Figure 63(d) causes 
the peripheral interface to transfer in the opposite direction. In this example, the main 
processor 1 00 can read the status of peripheral interface 206 by reading from a status 
register location 1430(R) (See Figure 63(b)). This status register 1430(R) contains fields 
1432 indicating DMA transfer In progress (field 1432 (1)), I/O operation in process (field 
1432 (#)), an error condition (field 1432 (3)). By writing to the same register 1430 (W) 
location, main processor 100 can clear an interrupt peripheral interface 206 generates 
when it has completed a requested transfer. Writing to status register location 1430(W) 
also allows main processor 1 00 to both clear and interrupt and abort a transfer in 
progress (see Figure 63(a) field 1434 (1)). 

^ Figures 64(f), 64(g), 64(h), 64(i) show additional registers main processor 100 can 

write to in order to control timing and other parameters of the peripheral interface bus 
104. These registers permit main processor 100 to configure the bus 104 for particular 
types of peripheral devices-all under control of software within game program 108. In 
this example, peripheral Interface 44 supports duplicate sets of registers 1436, 1438, 
1440 and 1442 shown in Figures 64(f)-64(i)~allowing different peripheral bus 104 
protocols to be used for different peripheral devices connected simultaneously to the bus 
without requiring the main processor 100 to re-write the configuration registers each time 
it request access to a different device. In this example, one set of configuration registers 
1436, 1438, 1440 and 1442 are used to configure the bus 104 protocol whenever the 
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peripheral interface 206 accesses a region 1 address space within the 1 6-bit peripheral 
address space, in the other set of register parameters are used whenever the peripheral 
interface accesses a region 2 address space within the peripheral bus address range 
{see Figure 10 memory map). The configurations specified by these two sets of registers 
are invoked simply by main processor 1 00 writing to the appropriate region. 

The various ones of control registers shown In Figures 63(a)-64(i) may, in this 
example, be located within the control/register block 1 402 of Figure 62. The configuration 
values stored in registers 1436, 1438, 1442 are used in this example to control the timing 
of the access control signals oontrol/register block 1402 produces on bus control line 
^ 1 404C. A latch 1 434 is used to temporarily lalch addresses on the co-processor address 
bus 21 4C for application to control/register block 1 402 (e.g., to select between the various 
registers). Control/register block 1402 in this example includes appropriate counters and 
the like to automatically increment DMA addresses. 

While the invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be understood that 
the invention is not to be limited to the disclosed embodiment, but on the contrary, is 
intended to cover various modifications and equivalent arrangements included within the 
spirit and scope of the above mentioned claims. 

[BRIEF DESCRIPTION OF , DRAWINGS] 

Figure 1 shows an overall video game system capable of generating 3-D images 
and digitally processed stereo sound; 

Figure 2 shows example 3-D screen effects achievable using the Figure 1 system; 

Figure 3 shows example 3-D screen effects achievable using the Figure 1 system; 

Figure 4 shows an example of principal components of an overall video game 
system; 

Figure 5 shows example major processing operations of an overall video game 
system; 



(298) 

Slg§ =0 0 0 5 6 8 

Figure 6 shows example overall operation of a video game system; 

Figure 7 shows example overall steps performed by a video game system to 
generate graphics images; 

Figure 8 shows a detailed overall system architecture example; 

Figure 9 shows an example main processor initialization routine; 

Figure 1 0 shows an example main processor memory map; 

Figure 1 1 shows an example coprocessor internal architecture; 

Figure 12 shows an example coprocessor internal bus architecture; 

Figure 1 3 shows an example signal processor internal architecture; 

Figure 1 4(a) shows an example signal processor instruction format; 

Figure 14(b) shows an example slicing of the Figure 14(a) source or destination 
field for processing by the vector unit shown in Figure 13; 

Figure 14(c) shows an example add operation performed by the example signal 
processor vector unit; 

Figure 15 shows example signal processor registers; 

Figure 16 shows example signal processor registers; 

Figure 17 shows an example hierarchical task list including graphics display lists 
and audio play lists; 

Figure 18 shows an example microcode load routine; 

Figure 19 shows an example simple signal processor display list processing 
example; 

Figure 20 shows an example signal processor graphics microcode control step 
sequence; 

Figure 21 (a) shows an example double precision representation; 
Figure 21 (b) shows an example matrix format; 
Figure 22(a) shows an example signal processor vertex buffer format; 
Figure 22(b) shows an example vertex data definition; 

Figure 23 shows an example signal processor segment addressing arrangement; 
Figure 24 shows an example audio software architecture; 
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Figure 25 shows an example simple signal processor play list processing example; 
Figure 26 shows an example signal processor audio microcode control step 
sequence; 

Figure 27 shows an example signal processor audio processing construct; 

Figure 28 shows example overall display processor processing steps; 

Figure 29 shows example display processor pipeline configurations; 

Figure 30 shows an example display processor architecture; 

Figure 31 shows example display processor registers; 

Figure 32 shows example display processor registers; 

Figure 33 shows example display processor registers; 

Figure 34 shows example display processor registers; 

Figure 35 shows an example texture memory tile descriptor arrangement; 

Figure 36 shows an example texture unit process; 

Figure 37 shows an example texture coordinate unit and texture memory unit 
architecture; 

Figure 38 shows an example texture memory color index mode lookup; 
Figure 39 shows an example more detailed use of the texture memory to store 
color indexed textures; 

Figure 40 shows an example color combiner operation; 

Figure 41 shows an example alpha combiner operation; 

Figure 42 shows an example alpha fix up operation; 

Figure 43 shows an example of blending different types of primitives; 

Figure 44 shows an example blender operation; 

Figure 45 shows an example color pixel format; 

Figure 46 shows an example depth (z) pixel format; 

Figure 47 shows an example write enable generation process; 

Figure 48 shows an example video interface architecture; 

Figure 49 shows an example video interface operating sequence; 

Figure 50 shows example video interface control registers; 
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Figure 51 shows example video interface control registers; 

Figure 52 shows example video interface control registers; 

Figure 53 shows an example main memory interface architecture; 

Figure 54 shows example memory interface controller registers; 

Figure 55 shows example memory interface controller registers; 

Figure 56 shows an example main processor interface architecture; 

Figure 57 show example main processor interface registers; 

Figure 58 shows an example audio interface architecture; 

Figure 59 shows example audio interface registers; 

Figure 60 shows an example serial interface architecture; 

Figure 61 shows example serial interface registers; 

Figure 62 shows an example peripheral interface architecture; 

Figure 63 shows example peripheral interface control/status registers; 

Figure 64 shows example peripheral interface control/status registers; 

Figure 65 shows formats and associated functions of a graphis display command 
that is "Set Color Image' of a display processor; 

Figures 66 shows formats and associated functions of a graphis display command 
that is "Set Texture Image" of a display processor; 

Figure 67 shows formats and associated functions of a graphis display command 
that is "Set Z Image 1 of a display processor; 

Figure 68 shows formats and associated functions of a graphis display command 
that is "Set Tile" of a display processor; 

Figure 69 shows formats and associated functions of a graphis display command 
that is "Load Tile" of a display processor; 

Rgure 70 shows formats and associated functions of a graphis display command 
that is "Load Block" of a display processor; 

Figure 71 shows formats and associated functions of a graphis display command 
that is "Set Tile Size" of a display processor; 
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Figure 72 shows formats and associated functions of a graphis display command 
that is "Load Tluf of a display processor 

Figure 73 shows Triangle command of various types; 

Figure 74 shows formats and associated functions of a graphis display command 
that is "Edge Coefficients" of a display processor; 

Figure 75 shows formats and associated functions of a graphis display command 
that is "Edge Coefficients" of a display processor; 

Figure 76 shows formats and associated functions of a graphis display command 
that is "Edge Coefficients" of a display processor; 
^ Figure 77 shows formats and associated functions of a graphis display command 

that is 'Shade Coefficients" of a display processor; 



that is "Shade Coefficients" of a display processor; 

Figure 79 shows formats and associated functions of a graphis display command 
that is "Texture Coefficients" of a display processor; 

Figure 80 shows formats and associated functions of a graphis display command 
that is "Texture Coefficients' of a display processor; 

Figure 81 shows formats and associated functions of a graphis display command 
that is "Z Buffer Coefficients" of a display processor; 

Figure 82 shows formats and associated functions of a graphis display command 
that is "Fill Rectangle" of a display processor; 

Figure 83 shows formats and associated functions of a graphis display command 
that is Texture Rectangle" of a display processor; 

Figure 84 shows formats and associated functions of a graphis display command 
that is Texture Rectangle Flip" of a display processor; 

Figure 85 shows formats and associated functions of a graphis display command 
that is "Set Combine Mode" of a display processor; 

Figure 86 shows formats and associated functions of a graphis display command 
that is "Set Other Modes" of a display processor; 



Figure 78 shows formats and associated functions of 



a graphis display command 
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Figure 87 shows formats and associated functions of a graphis display command 
that Is "Set Other Modes" of a display processor; 

Figure 88 shows formats and associated functions of a graphis display command 
that is "Set Env Color" of a display processor; 

Figure 89 shows formats and associated functions of a graphis display command 
that is "Set Prim Color" of a display processor; 

Figure 90 shows formats and associated functions of a graphis display command 
that is "Set Blend Color" of a display processor; 

Figure 91 shows formats and associated functions of a graphis display command 
that is "Set Fog Color" of a display processor; 

Figure 92 shows formats and associated functions of a graphis display command 
that is "Set Fill Color" of a display processor; 

Figure 93 shows formats and associated functions of a graphis display command 
that is "Set Prim Depth" of a display processor; 

Figure 94 shows formats and associated functions of a graphis display command 
that is "Set Scissor" of a display processor; 

Figure 95 shows formats and associated functions of a graphis display command 
that is "Set Convert" of a display processor; 

Figure 96 shows formats and associated functions of a graphis display command 
that is "Set Key R 1 of a display processor; 

Figure 97 shows formats and associated functions of a graphis display command 
that is "Set Key GB" of a display processor; 

Figure 98 shows formats and associated functions of a graphis display command 
that is "Sync Full" of a display processor; 

Figure 99 shows formats and associated functions of a graphis display command 
that is "Sync Load" of a display processor; 

Figure 100 shows formats and associated functions of a graphis display command 
that is "Sync Pipe" of a display processor; 
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Figur 1 01 shows formats and associated functions of a graphis display command 
that is "Sync Tile" of a display processor; and 

Figure 1 02 shows formats and associated functions of a graphis display command 
that is "No Op" of a display processor. 
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Description 


Change in blue per change in X coordinate, integer 


Change in alpha per change in X coordinate, integer 


Red color coiponent, fraction 


Green color component, fraction 


Blue color component, fraction 


i Alpha color component, fraction I 


Change in red per change in X coordinate, fractoin 


Change in green per change in X coordinate, fraction 


Change in blue per change in X coordintate, fraction 1 


Change in alpha per change in X coordinate, fraction S 


Change in red along the edge, integer j 


Change in green along the edge, integer 


Change in blue along the edge, integer 


Change in alpha along the edge, integer 


Change in red per change in Y coordinate, integer 


I Change in green per change in Y coordinate, integer 


Change in blue per change in Y coordinate, integer 


Change in alpha per change in Y coordinate, integer 


| Change in red along the edge, fraction 


j Change in green along the edge, fraction 


] Change in blue along the edge, fraction 


Change, in alpha along the edge, fraction 1 


Change in red per change in Y coordinate, fraction 


Change in green per change in Y coordinate, fraction 


Change in blue per change in Y coordinate, fraction j 


Change in alpha per change in Y coordinate, fraction 
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1 . Abstract 

This invention is a low cost high performance 3D graphics system, within a low 
cost range that most consumers can afford, can model a world in 3D and project the 
model onto a two dimensional viewing plane selected based on a changeable viewpoint. 
The viewpoint can be changed on an interactive, real time basis by controlling user Input 
operations by game controllers and so forth. The system rapidly produces a 
corresponding changing image on the screen of a color television set. 

This invention describes a structure and operation of a graphics/audio coprocessor 
for implementing the above-mentioned features, more specifically, an internal structure of 
the coprocessor, processings performed for a graphics/audio output, a method of 
communicating with the external world, a unified RAM and commands and associated 
formats sent by a main processor to the coprocessor for controlling the coprocessor. 

2. Representative Drawing 

Fig. 1 



